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ABSTRACT 


Plant  macrofossils  from  post-glacial  sediments  of  six  sites  document  the  history  of  vegetation  patterns 
and  species  distributions  along  an  elevational  gradient  (661  to  1320  m)  in  the  High  Peaks  region  of  the 
Adirondack  Mountains  (New  York).  The  macrofossil  data  were  also  used  to  reconstruct  local  vegetation 
history  at  each  of  the  six  sites,  to  establish  minimal  arrival  times  for  immigrating  plant  species,  and  to 
clarify  the  regional  pollen  record  via  identification  of  palynologically  silent  taxa  and  species-level 
determinations  of  palynologically  indistinguishable  taxa. 

Before  12,000  yr  B.P.,  herb-shrub  tundra  grew  in  the  High  Peaks,  and  spruce  were  locally  present. 
Spruce  abundance  increased  about  12,000  yr  B.P.  Open  spruce  woodland,  probably  dominated  by  white 
spruce,  occurred  at  all  elevations  up  to  at  least  1150  m from  12,000  to  10,500  yr  B.P.  Following  a brief  alder 
maximum,  closed  forests  of  fir,  paper  birch,  and  spruce  developed  at  all  elevations  by  9500  yr  B.P.  After  its 
regional  immigration  9000  yr  B.P,  white  pine  became  abundant  at  low  elevations  and  occurred  in 
significant  numbers  to  at  least  1150  m.  Hemlock  and  northern  hardwoods  species  immigrated  between 
8000  and  6000  yr  B.P.  and  became  dominant  at  low  elevations.  Their  arrival  coincided  with  substantial 
declines  of  low-elevation  populations  of  fir,  paper  birch,  white  pine,  and  spruce.  White  pine,  hemlock,  and 
yellow  birch  grew  300,  200,  and  150  m above  their  respective  modern  elevational  limits  from  their  arrival 
until  -4000  yr  B.P.  Hemlock  populations  declined  4800  yr  B.P.  throughout  the  elevational  range  of  the 
species.  High-elevation  populations  of  white  pine,  hemlock,  and  yellow  birch  began  to  decline  and 
disappear  after  5000  yr  B.P.  Red  spruce  increased  in  abundance  from  2500-2000  yr  B.P.  below  1320  m,  with 
highest  abundances  above  850  m. 

Shifts  in  the  elevational  ranges  of  white  pine,  hemlock,  and  yellow  birch  indicate  warmer,  possibly  drier 
climate  in  the  region  from  9000  to  at  least  5000  yr  B.P.  Post-glacial  behavior  of  tree  species  along  the 
gradient  has  been  individualistic  and  dynamic.  Modern  vegetation  patterns  along  the  gradient  became 
established  within  the  past  2500  years. 
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INTRODUCTION 


Gradient  analysis  of  vegetation  has  traditionally  empha- 
sized patterns  along  spatial  complex-gradients  (Whittaker, 
1967).  Vegetation,  however,  is  a spatiotemporal  phenomenon, 
with  variation  occurring  on  time  scales  ranging  from  10  ‘ to 
10®  years  (Prentice,  1986;  Webb,  1986, 1987).  Incorporation  of  a 
temporal  dimension  in  studies  of  spatial  gradients  has  largely 
been  restricted  to  the  short  time  scales  ( 10'  to  10®  yr ) of  second- 
ary succession  following  severe  disturbance  (Peet  and  Loucks, 
1977;  Kessell,  1979;  Peet,  1981).  In  glaciated  regions  of  eastern 
North  America  the  climatic,  edaphic,  and  biotic  changes  since 
ice  retreat  ( - lO-*  yr)  can  be  collectively  viewed  as  an  environ- 
mental complex-gradient  along  a time  axis.  Spatiotemporal 
gradient  analysis  can  show  how  vegetation  patterns  along  spa- 
tial gradients  respond  as  a geographic  region  passes  along  a 
temporal  gradient  of  changing  physical  and  biotic  environ- 
ment. 

Spatiotemporal  gradient  analysis  requires  paleoecological 
data  capable  of  sensing  vegetation  patterns  at  spatial  scales  of 
lO  ® to  10®  hectares.  Conventional  pollen  data  from  moderate- 
sized (10°-10®  hectares)  lake  basins  cannot  provide  this  spatial 
resolution  (Webb,  1981;  Bradshaw  and  Webb,  1985;  Prentice, 
1985).  Pollen  analyses  from  smaller  basins  have  been  used  suc- 
cessfully in  studies  of  vegetation  history  across  local  soil  gradi- 
ents (Brubaker,  1975;  Jacobson,  1979;  Bernabo,  1981).  How- 
ever, the  sensitivity  of  small-basin  pollen  assemblages  to 
fine-scale  vegetation  patterns  is  limited  (Jackson,  1988).  Plant 
macrofossils,  which  are  not  readily  transported  over  long  dis- 
tances, have  been  applied  in  paleoecological  studies  of  eleva- 
tional  gradients  (Baker,  1976;  Davis  et  ah,  1980;  Spear,  1981; 


Dunwiddie,  1986).  Dunwiddie  (1987)  demonstrated  a close  cor- 
respondence between  macrofossil  assemblages  in  lakes  and 
forest  composition  within  30  m of  the  lakeshores. 

In  this  paper  I report  the  results  of  a spatiotemporal  gradient 
study  in  the  High  Peaks  region  of  the  Adirondack  Mountains, 
New  York  (Fig.  1).  I analysed  plant  macrofossils  from  six  sites 
along  a gradient  from  661  m in  mixed  conifer-northern  hard- 
woods forest  to  1320  m in  subalpine  fir  forest.  Palynological 
studies  of  four  of  these  sites  will  be  reported  elsewhere  (White- 
head  and  Jackson,  1989). 

The  principal  objectives  were  to  document  the  history  of  veg- 
etation patterns  along  the  elevational  gradient  and  to  identify 
the  ecological  and  climatic  factors  responsible  for  changes  in 
these  patterns.  Of  particular  interest  were  possible  shifts  in 
the  elevational  ranges  of  trees  in  response  to  Holocene  cli- 
matic changes  (Davis  et  al.,  1980)  and  the  developmental  his- 
tory of  vegetation  zonation  along  the  gradient.  Additional  ob- 
jectives included:  1)  documentation  of  minimum  arrival  times 
for  immigrating  tree  species,  2)  clarification  of  the  regional 
pollen  record  (Whitehead  and  Jackson,  1988)  by  identification 
of  taxa  poorly  represented  by  pollen  (e.g.,  Taxus,  Thuja,  Larix, 
herbs)  and  by  species-level  determinations  of  taxa  not  distin- 
guishable by  pollen  morphology  (e.g.,  Betula,  Pinus),  and  3) 
identification  of  local  vegetation  responses  to  species  immi- 
grations (Davis,  1981b)  and  the  mid-Holocene  hemlock  decline 
(Davis,  1981a).  These  objectives  involve  phenomena  occurring 
at  three  distinct  spatial  scales,  namely  regional  immigrations, 
changing  vegetation  patterns  along  the  elevational  gradient, 
and  local  vegetation  dynamics  within  lake  watersheds. 
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THE  STUDY  AREA 


Geology  and  Soils 

The  High  Peaks  region  of  the  Adirondack  Mountains  (Fig.  1) 
is  characterized  by  high  elevations  and  high  topographic  relief 
( ~ 300  m to  > 1500  m).  Bedrock  is  predominantly  Late  Pre- 
cambrian  anorthosite,  although  metagabbro  and  charnockitic 
gneiss  occur  locally  (Buddington,  1953).  The  entire  region  was 
covered  by  continental  Wisconsinan  ice.  Deglaciation  was 
probably  initiated  by  14,000  yr  B.P.  (Craft,  1976)  and  was  es- 
sentially complete  by  12,500  yr  B.P.  (Denny,  1974,  Whitehead 
and  Jackson,  1988).  Local  cirque  glaciers  may  have  persisted 
in  the  High  Peaks  until  11,500  yr  B.P.  (Craft,  1976). 

Surficial  materials  in  the  High  Peaks  consist  primarily  of 
coarse,  sandy/gi'avelly  glacial  tills,  congelifractate,  and  collu- 
vium. Bedi'ock  exposures  are  frequent  at  all  elevations,  partic- 
ularly on  steep  slopes,  summits,  and  ridge  crests.  Areal  cover- 
age and  thickness  of  glacial  till  decrease  with  increasing 


elevation.  Till  deposits  are  rare  above  1000  m.  Congelifractate, 
a coarse,  unconsolidated  material  formed  from  freeze-thaw 
fracturing  of  bedrock,  is  the  principal  surficial  material  above 
900  m (Witty,  1968). 

Soils  of  the  High  Peaks  consist  of  spodosols  and  histosols 
(Witty,  1968;  Witty  and  Arnold,  1970).  The  spodosols  are  heav- 
ily leached,  acidic  mineral  soils  formed  in  well-drained  sites  on 
till  or  congelifractate.  Witty  (1968)  recognizes  two  types  in  the 
region:  haplohumods,  restricted  to  hardwood  and  pine  forests 
at  low  elevations  ( <800  m)  and  cryohumods,  occurring  under 
spruce-fir  and  fir  forests  at  higher  elevations.  Histosols  occur 
at  high  elevations  in  a wide  variety  of  topographic  situations. 
The  two  most  important  types  in  the  High  Peaks  are  borofo- 
lists,  which  are  well-drained  organic  soils  covering  bedrock, 
boulders,  and  thin  congelifractate  (Witty  and  Arnold,  1970), 
and  saturated  histosols,  which  occur  in  local  poorly  drained 
areas. 
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Figure  1.  Index  map  of  the  Adirondack  High  Peaks  region,  showing  locations  of  study  sites.  Inset:  outline  map  of  New  York, 
showing  location  of  Adirondack  Park  and  Adirondack  High  Peaks  region. 
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Climate 

Regional  climate  of  the  Adirondacks  is  humid-continental. 
Winters  are  cold  and  snowy;  summers  are  cool  and  wet  (Mor- 
doff,  1949).  Precipitation  is  generally  distributed  evenly 
throughout  the  year  (Dethier,  1966). 

There  are  no  weather  stations  in  the  High  Peaks  region,  so 
estimates  of  elevational  lapse  rates  for  climatic  variables  must 
be  based  on  data  from  weather  stations  at  Lake  Placid  (eleva- 
tion 566  m;  12  km  north  of  the  High  Peaks)  and  the  Whiteface 
Mountain  summit  (1484  m;  25  km  north).  Lapse  rates  calcu- 
lated from  these  stations  are  presented  in  Table  1 . These  lapse 
rates  are  similar  to  those  reported  from  the  Green  Mountains 
of  Vermont  (Siccama,  1974)  and  the  White  Mountains  of  New 
Hampshire  (Davis  et  al.,  1980;  Reiners  et  al.,  1984).  The  White 
Mountains  appear  to  have  a substantially  higher  mean  an- 
nual precipitation  lapse  rate  (9.4  cm/100  m)  (Davis  et  al. , 1980). 

Several  important  climatic  variables  increase  non-linearly 
with  elevation:  cloud-droplet  deposition,  rime-ice  deposition, 
cloud  cover,  and  wind  speed.  Cloud-droplet  and  rime-ice  depo- 
sition are  not  recorded  by  standard  rain  gauges  but  occur  in 
significant  amounts  at  high  elevations  in  northeastern  moun- 
tains (Schlesinger  and  Reiners,  1974).  Lovett  et  al.  (1982)  esti- 
mate that  such  deposition  may  increase  effective  precipitation 


those  observed  in  mountainous  regions  of  northeastern  North 
America  (Bray,  1915;  Braun,  1950;  Costing  and  Billings,  1951; 
McIntosh  and  Hurley,  1964;  Holway  et  al.,  1969;  Scott  and  Hol- 
way,  1969;  Bormann  et  al.,  1970;  DiNunzio,  1972;  McIntosh, 
1972;  Siccama,  1974;  Sprugel,  1976;  Reiners  and  Lang,  1979). 
The  primary  vegetation  pattern  is  in  response  to  elevation; 
secondary  patterns  are  imposed  by  soils,  slope,  aspect,  micro- 
climate, and  disturbance  history.  Although  changes  in  vegeta- 
tion along  the  elevational  gradient  are  gradational,  it  is  con- 
venient to  describe  this  variation  as  a series  of  vegetation 
zones:  (1)  temperate/northern  hardwoods-conifer  forest  zone 
(<300  m),  (2)  mixed  conifer-northern  hardwoods  forest  zone 
( ~ 300-800  m),  (3)  subalpine  spruce-fir-paper  birch  forest  zone 
( -800-1200  m),  (4)  subalpine  fir  forest  zone  ( - 1200-1450  m), 
and  (5)  alpine  tundra  zone  ( > 1450  m). 

The  temperate/northern  hardwoods-conifer  forest  zone  is 
chiefly  characterized  by  the  occurrence  of  temperate  hard- 
woods, particularly  northern  red  oak  {Quercus  rubra^),  bass- 
wood (Tilia  americana),  and  white  ash  (Fraxinus  americana). 
Other  important  constituents  include  sugar  maple  (Acer  sac- 
charum),  beech  (Fagus  grandifolia),  yellow  birch  (Betula  lutea), 
red  maple  (Acer  rubrum),  hemlock  (Tsuga  canadensis),  and 
white  pine  (Finns  strobus).  In  the  High  Peaks,  this  forest  zone 
is  restricted  to  stream  valleys  and  rich  mesic  soils  at  low  eleva- 


Table  1.  Climatic  data  from  Lake  Placid,  N.Y.,  and  elevational  lapse  rates  between  Lake  Placid  and  Whiteface  Mountain  summit. 
Data  are  from  Kudish  (1975),  converted  from  English  to  S.I.  units.  Elevational  lapse  rate 

Lake  Placid  (567  m)  (per  100  m elevation) 


Mean  annual 


Temperature  (°C) 

4.4 

-0.6 

Mean  January 

Temperature  (°C) 

-9.4 

-0.7 

Mean  July 

Temperature  (°C) 

17.8 

-0.5 

Length  of  frost-free 
season  (days) 

99 

-6.1 

Mean  growing  season  (May- 
October)  rainfall  (cm) 

52.8 

2.3 

Mean  annual  precipitation 
(rain  plus  melted  snow)  (cm) 

99.0 

3.3 

Mean  annual  snowfall  (cm) 

322.6 

24.4 

by  - 50%  in  the  subalpine  fir  forest  zone  in  the  White  Moun- 
tains. 

Growing-degree  days,  evapotranspiration,  and  soil  moisture 
are  of  more  direct  biological  significance  than  mean  annual 
temperature  and  precipitation.  These  variables,  however,  have 
not  been  directly  determined  in  the  High  Peaks  region. 
Reiners  et  al.  (1984)  measured  these  variables  along  an  eleva- 
tional gradient  (670  to  1379  m)  on  a single  slope  in  the  White 
Mountains.  They  reported  linear  decreases  in  growing-degree 
days  (base  0°C)  and  actual  evapotranspiration  with  elevation. 
Soil  moisture  increased  with  elevation,  and  the  magnitude  of 
the  annual  summer  decline  in  soil  moisture  was  much  lower  at 
higher  elevations  (Reiners  et  al.,  1984). 


tions  (usually  <400  m,  rarely  to  600  m);  it  is  more  widespread 
at  lower  elevations  east  of  the  High  Peaks. 

The  main  components  of  the  mixed  conifer-northern  hard- 
woods forest  zone  are  sugar  maple,  beech,  yellow  birch,  hem- 
lock, and  white  pine.  Temperate  hardwoods  are  absent  or  rare. 
Red  spruce  (Picea  rubens)  and  balsam  fir  (Abies  balsamea)  are 
consistently  present. 

Within  both  forest  zones  forest  composition  varies  with  soils 
and  disturbance  history  (Heimberger,  1934;  Braun,  1950;  Ket- 
chledge,  1967;  Roman,  1980;  Kudish,  1981).  White  pine  is  dom- 
inant on  coarse,  dry  soils.  Red  pine  (Finns  resinosa)  occurs  on 
coarse  soils  and  bare  rock  outcrops,  especially  on  exposed  sites. 


Vegetation 

Vegetation  patterns  in  the  High  Peaks  region  are  typical  of 


* Vascular  plant  nomenclature  after  Fernald  (1950),  except  where 
authorities  are  cited.  Bryophyte  nomenclature  follows  Ketchledge 
(1980). 
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Red  spruce,  balsam  fir,  hemlock,  yellow  birch,  and  red  maple 
occupy  coarse,  poorly  drained  soils  (lakeshores,  swamp  bor- 
ders). Mixed  conifer-hardwoods  forests  composed  of  sugar  ma- 
ple, beech,  yellow  birch,  red  maple,  hemlock,  and  red  spruce 
occur  on  mesic  soils  formed  in  glacial  till.  Black  spruce  iPicea 
mariana)  is  frequently  dominant  on  wet  histosols  in  swamps 
and  peatlands.  Tamarack  (Larix  laricina),  balsam  fir,  red 
spruce,  yellow  birch,  and  red  maple  also  occur  on  these  sites. 
White  cedar  {Thuja  occidentalis)  often  occurs  on  histosols  in 
swamps,  along  streams,  and  near  seepages. 

Paper  birch  {Betula  papyrifera)  is  the  principal  tree  colonizer 
of  large-scale  disturbances  at  all  elevations.  Balsam  fir  also 
occurs  on  disturbances  at  all  elevations.  Quaking  aspen  iPopu- 
lus  tremuloides),  bigtooth  aspen  (P.  grandidentata),  yellow 
birch,  red  maple,  and  black  cherry  iPrun  us  serotina)  are  impor- 
tant colonizers  below  700  m.  Gray  birch  (B.  populifolia)  occurs 
sporadically  at  disturbed  sites  up  to  ~ 700  m. 

The  subalpine  spruce-fir-paper  birch  forest  zone  is  defined  by 
the  nearly  exclusive  occurrence  of  red  spruce,  balsam  fir,  and 
mountain  paper  birch  {Betula  papyrifera  var.  cordifolia). 
Mountain  ash  {Sorbus  americana  Marsh.)  occurs  locally.  Yel- 
low birch  is  occasional  on  east-facing  slopes  in  the  lower  part  of 
this  zone  (below  900  m).  Black  spruce,  tamarack,  and  white 
cedar  occur  infrequently  on  saturated  histosols. 

The  transition  between  the  mixed  conifer-northern  hard- 
woods and  spruce-fir-paper  birch  forest  zones  lies  generally  be- 
tween 750  and  850  m elevation.  It  is  often  higher  on  east- 


facing slopes  and  lower  on  steep  slopes  and  thin  soils. 

The  subalpine  fir  forest  zone  is  distinguished  by  the  near- 
absence of  red  spruce,  which  declines  in  abundance  above  1200 
m and  is  absent  or  rare  above  1300  m.  Forests  of  this  zone  con- 
sist almost  entirely  of  balsam  fir  and  mountain  paper  birch. 
Black  spruce  and  mountain  ash  are  occasional. 

Krummholz  composed  of  balsam  fir,  mountain  paper  birch, 
and  black  spruce  occurs  above  1400-1450  m.  Above  - 1450  m 
patches  of  alpine  herb-shrub  tundra  occur  within  the  krumm- 
holz. Extensive  areas  of  alpine  tundra  occur  on  many  of  the 
higher  summits.  This  vegetation  includes  scattered  dwarfed 
individuals  of  black  spruce,  balsam  fir,  and  mountain  paper 
birch,  along  with  shrubs  and  herbs  such  as  dwarf  willow  (Salix 
uva-ursi),  dwarf  birch  (fietu /a  glandulosa),  green  alder  (Alnus 
crispa),  crowberry  {Empetrum  nigrum),  Vaccinium  uligin- 
osum.  Ledum  groenlandicum,  Chamaedaphne  calyculata,  Kal- 
mia  angustifolia,  K.  polifolia,  Diapensia  lapponica,  Potentilla 
tridentata,  Solidago  macrophylla,  and  sedges  (Cyperaceae) 
(DiNunzio,  1972). 

Elevational  distributions  of  selected  tree  species  in  the  High 
Peaks  are  summarized  in  Fig.  2.  These  distributions  are  based 
principally  on  my  own  field  observations  in  the  High  Peaks, 
particularly  in  areas  undisturbed  by  logging  or  fire.  Addi- 
tional sources  include  Adams  et  al.  (1920),  Ketchledge  (1967, 
1979,  and  personal  communications,  1980-1981),  and  D.  R. 
Whitehead  (personal  communications,  1981-1982). 
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Figure  2.  Elevational  distributions  of  selected  tree  species  in  the  High  Peaks  region.  "Common”  refers  to  species  that  are 
important  components  of  the  vegetation  at  a given  elevation  and  occur  with  high  frequency  at  that  elevation.  An  "infrequent” 
species  is  a major  component  of  a few  forest  types  that  are  spatially  restricted  at  that  elevation  (i.e.,  the  species  is  locally  abundant 
at  unique  microclimatic  or  edaphic  sites,  but  absent  from  most  sites).  "Rare”  refers  to  species  whose  occurrences  at  that  elevation 
are  restricted  to  rarely  encountered,  isolated  individuals.  Initials  at  left  refer  to  study  sites  (HL=  Heart  Lake,  LP=  Livingston 
Pond,  UWP=  Upper  Wallface  Pond,  EPB=  Elk  Pass  Bog,  LA=  Lake  Arnold,  LTC=  Lake  Tear  of  the  Clouds). 
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SITE  DESCRIPTIONS 


Geographic  coordinates,  elevation,  morphometric  character- 
istics, watershed  area,  and  maximum  watershed  elevations  of 
the  six  study  sites  are  listed  in  Table  2.  Contour  maps  of  study 
site  watersheds  are  available  in  Jackson  (1983). 

The  sites,  five  lakes  and  a peatland,  occupy  basins  formed  by 
glacial  erosion  of  anorthosite  bedrock.  The  lakes  have  single 
outlets  flowing  over  bedrock.  The  outlet  of  Elk  Pass  Bog  flows 
over  an  organic  debris  dam  (possibly  a deteriorated  beaver 
darn),  although  bedrock  is  at  or  near  the  ground  surface  in  the 
vicinity  of  the  outlet. 

Surficial  materials  on  site  watersheds  consist  of  glacial  till, 
bedrock,  and  talus  at  Heart  Lake,  and  congelifractate  and 
bedrock  at  the  five  higher  sites.  Heart  Lake  soils  are  mostly 
haplohumods.  At  the  five  higher  sites,  borofolists  are  the  main 
soil  types,  with  cryohumods  and  saturated  histosols  occurring 
locally. 


birch,  black  cherry,  and  balsam  fir  are  also  common  in  this 
part  of  the  drainage  basin;  red  spruce,  red  pine,  beech,  and 
sugar  maple  are  infrequent.  White  pine  is  frequent  on  the 
lower  slopes  of  the  northern  part  of  the  watershed  and  along 
the  rocky  north  shore  of  the  lake.  The  southwest  portion  of  the 
watershed  contains  stands  of  beech,  sugar  maple,  yellow  birch, 
and  paper  birch. 

The  eastern  portion  of  the  watershed  is  vegetated  by  young 
yellow  and  paper  birches,  quaking  and  bigtooth  aspens,  red 
spruce,  balsam  fir,  and  red  and  white  pines.  Much  of  this  area 
is  occupied  by  buildings,  roads,  and  campsites. 

Red  spruce  stands  occur  on  steep  slopes  and  bedrock  ledges 
toward  the  top  of  the  drainage  basin  on  the  southwest,  west, 
and  north  sides.  Paper  birch,  yellow  birch,  striped  maple, 
sugar  maple,  and  fir  occur  in  small  numbers  in  these  stands. 

Red  spruce,  fir,  and  white  cedar  are  dominant  on  moist,  level 


TABLE  2.  Location,  elevation,  and  morphometric  features  of  High  Peaks  macrofossil  study  sites. 


Site 

Location 

Elevation 

(rn) 

Surface 

area 

(ha) 

Maximum 

depth 

(m) 

Watershed 

area^ 

(ha) 

Maximum 

watershed 

elevation 

(m) 

Heart  Lake 

44°10'50"N, 

73«58'03"W 

661 

11.4 

13.5 

55.9 

877 

Livingston  Pond 

44«06'37"N, 

73'’59'18"W 

850 

0.8 

8.0 

10.9 

935 

Upper  Wallface 

Pond 

44008 '47  "N, 

74«03'15"W 

948 

5.5 

9.0 

58.3 

1116 

Elk  Pass  Bog 

44005  '45  "N, 

73M9'35"W 

1024 

0.21 

0.8 

0.7 

1100 

Lake  Arnold 

44007 '45  "N, 

73056 '25  "W 

1150 

0.4 

2.5 

13.7 

1293 

Lake  Tear  of 
the  Clouds 

44'>06'15"N, 

73055 '55  "W 

1320 

0.3 

0.8 

40.2 

1500 

* Includes  both  open  water  and  bog  surface.  ^ Does  not  include  surface  area  of  the  lake. 


Heart  Lake 

Slopes  in  the  Heart  Lake  watershed  are  relatively  gentle 
within  50-100  m of  the  lakeshore.  They  become  steeper  away 
from  the  lake,  especially  on  the  north  and  south  sides.  Three 
intermittent  streams  drain  into  the  lake  through  poorly  de- 
fined channels. 

The  watershed  is  entirely  within  the  mixed  conifer-northern 
hardwoods  forest  zone.  Variations  in  watershed  vegetation 
result  from  disturbances  and  edaphic  and  topographic  varia- 
tion. 

Timber  harvesting  in  the  late  19th  Century  selectively  re- 
moved spruce,  white  pine,  and  hemlock  from  the  watershed 
(Ketchledge,  1979).  The  entire  watershed  was  burned  in  1903 
(Suter,  1904),  but  the  southern  portion  was  apparently  less  se- 
verely burned  than  the  rest  (E.  H.  Ketchledge,  personal  com- 
munication). The  steep  slopes  of  the  northern  part  of  the  wa- 
tershed are  dominated  by  paper  birch  and  quaking  aspen.  Red 
maple,  striped  maple,  mountain  maple,  bigtooth  aspen,  yellow 


ground  immediately  bordering  the  lake,  especially  on  the 
south  and  west  sides.  Red  pine,  yellow  birch,  paper  birch,  and 
red  maple  also  occur.  Along  most  of  the  shoreline  of  Heart 
Lake  are  overhanging  shrubs  iChamaedaphne  calyculata, 
Myrica  gale,  Kalmia  angustifolia). 

Livingston  Pond 

The  Livingston  Pond  watershed  is  generally  steep  and  rug- 
ged; bedrock  cliffs  are  frequent.  Gentler  slopes  occur  locally, 
especially  immediately  around  the  lake.  A single  intermittent 
stream  flows  into  the  lake. 

Watershed  vegetation  is  characteristic  of  the  spruce-fir- 
paper  birch  forest  zone,  although  a few  species  of  the  mixed 
conifer-northern  hardwoods  zone  occur  locally.  Mature  red 
spruce  and  balsam  fir  are  dominant.  Paper  birch,  mountain 
ash,  and  white-cedar  are  also  common.  A few  individuals  (all 
< 20  cm  DBH)  of  yellow  birch  and  red  maple  occur  on  the  south 
side  of  the  watershed.  A single  white  pine  (43  cm  DBH)  grows 
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on  a ledge  of  a southwest-facing  cliff  immediately  above  the 
lake. 

The  Livingston  Pond  shoreline  consists  of  vertical  cliffs  al- 
ternating with  flat  areas  of  moist  histosols.  White  cedar  is  lo- 
cally abundant  along  the  flat  portions  of  the  shore  and  atop 
moist  cliffs.  Chamaedaphne  calyculata  is  abundant  along  the 
flat  shores;  Ledum  groenlandicum,  Kalmia  an gusti folia,  Hy- 
pericum virginicum,  Viola  spp.,  and  Carex  spp.  also  occur. 

Upper  Wallface  Pond 

The  Upper  Wallface  Pond  watershed  consists  of  steep  slopes 
with  frequent  bedrock  outcrops.  A few  perched  wetlands  occur 
in  the  uplands,  and  small  wetlands  occur  at  the  mouths  of  the 
three  tributary  streams.  The  influent  streams  are  all  perma- 
nent and  flow  into  the  lake  through  single  well-defined  chan- 
nels. 

The  watershed  is  entirely  within  the  subalpine  spruce-fir- 
paper  birch  forest  zone.  Young  balsam  fir  and  paper  birch  occur 
throughout  most  of  the  watershed,  although  there  are  local 
stands  of  mature  red  spruce  and  fir.  Except  for  a few  individ- 
uals of  mountain  ash  scattered  in  the  uplands  no  other  trees 
occur. 

The  shoreline  consists  mainly  of  narrow  sand  flats  and  boul- 
der flats  with  occasional  bedrock  cliffs.  Chamaedaphne  calycu- 
lata is  the  most  frequent  shoreline  shrub;  Ledum  groenlandi- 
cum andKalmia  angustifolia  occur  locally. 

Elk  Pass  Bog 

Elk  Pass  Bog  is  situated  in  a narrow  defile  between  two  high 
mountain  ridges.  The  northeast  portion  of  the  basin  is 
peatland  (Fjg.  3),  comprising  about  1/3  of  the  surface  area.  A 
shallow  ( < 1 m depth),  mostly  boulder  bottomed  pond  occupies 
the  remainder  of  the  basin.  The  pond  margin  is  lined  with  a 
narrow  peat  mat.  A spring  conduit  enters  the  pond  a few  me- 
ters from  the  edge  of  the  main  peat  mat.  One  intermittent 
stream  flows  into  the  pond. 

The  Elk  Pass  Bog  watershed  consists  of  a narrow  ring  of  flat 
terrain  immediately  surrounding  the  basin  and  steep  slopes 
beyond  on  the  east  and  northwest  sides.  Watershed  vegetation 
is  composed  of  mature  red  spruce  forest  with  balsam  fir  and 
paper  birch  as  subdominants  and  paper  birch-fir  forest  on  local 
disturbances.  Mountain  ash  occurs  locally. 

The  peat  surface  is  comprised  principally  of  Sphagnum. 
Chamaedaphne  calyculata  and  Calamagrostis  canadensis  oc- 
cur on  the  entire  surface.  Other  important  plants  are  Carex 
spp.,  Scirpus  cyperinus,  Eriophorum  spissum,  Drosera  rotundi- 
folia.  Ledum  groenlandicum,  Kalmia  polifolia,  Vaccinium  oxy- 
coccos,  and  Gentiana  linearis.  Although  the  peat  surface  is 
treeless,  a few  seedlings  of  tamarack,  fir,  and  spruce  occur. 


Lake  Arnold 

Slopes  in  the  Lake  Arnold  watershed  ai’e  generally  steep  ex- 
cept near  the  lake.  A small,  non-forested  wetland  is  situated  on 
the  southwest  shore  of  the  pond  at  the  mouth  of  the  principal 
inlet  stream.  Stream  discharge  flows  underneath  the  surface 
of  the  wetland. 

Vegetation  of  the  watershed  is  a mosaic  of  mature  red  spruce- 
balsam  fir  stands  and  dense  stands  of  young  balsam  fir.  Paper 
birch  and,  less  commonly,  mountain  ash  occur  locally  in  the 
more-mature  stands. 

Except  for  the  wetland  on  the  southwest  shore,  the  lakeshore 
is  bouldery  and  is  lined  with  Chamaedaphne  calyculata.  Le- 
dum groenlandicum,  and  Kalmia  angustifolia.  The  wetland  is 
vegetated  principally  by  Sphagnum  spp.,  Carex  spp.,  and  Cala- 
magrostis canadensis.  Other  plants  include  Eriophorum  spis- 
sum, Drosera  rotundifolia,  Chamaedaphne  calyculata.  Ledum 
groenlandicum,  Kalmia  angustifolia,  K.  polifolia,  and  Vacci- 
nium uliginosum. 

Lake  Tear  of  the  Clouds 

Lake  Tear  of  the  Clouds  is  situated  in  a valley  between  two 
mountain  summits.  Mount  Skylight  and  Mount  Marcy.  There 
is  an  extensive  open  wetland  at  the  east  end  of  the  pond.  A 
permanent  influent  stream  enters  the  wetland  and  flows  un- 
derneath the  wetland  surface  for  much  of  its  length.  The  pond 
is  small  and  shallow  (Fig.  3);  water  retention  time  is  less  than 
a day  (Charles,  1982). 

Further  from  the  pond  watershed  slopes  are  very  steep,  ex- 
tending up  the  sides  of  the  two  mountains.  The  watershed  is 
mostly  within  the  subalpine  fir  forest  zone,  but  it  may  extend 
some  distance  into  the  alpine  tundra  zone  on  Mount  Skylight 
and  Mount  Marcy.  Red  spruce  is  rare  in  the  watershed;  a few 
small  trees  are  present  in  the  immediate  vicinity  of  the  pond. 
Balsam  fir  is  the  dominant  tree  species;  paper  birch  is  locally 
important.  Mountain  ash  occurs  sporadically.  Although  I have 
not  observed  black  spruce  in  the  watershed  outside  the 
krummholz-tundra  portion,  it  may  occur  locally. 

The  wetland  bordering  the  east  side  of  the  pond  is  dominated 
by  Sphagnum  spp.,  Carex  spp.,  and  Calamagrostis  canadensis. 
Other  species  include  Abies  balsamea  (seedlings),  Veratrum 
viride,  Potentilla  tridentata,  Coptis groenlandica,  Cornus  cana- 
densis, Ledum  groenlandicum,  Kalmia  polifolia,  Vaccinium 
uliginosum,  V.  oxycoccos,  and  Gentiana  linearis.  Adams  et  al. 
(1920)  recorded  Empetrum  nigrum  from  the  Lake  Tear  of  the 
Clouds  wetland. 

The  rest  of  the  lakeshore  consists  of  boulders,  bedrock 
ledges,  and  areas  of  finely  degi’aded  peats.  Shoreline  plants 
include  Sphagnum  spp.,  Carex  spp.,  and  Chamaedaphne  caly- 
culata. 
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Figure  3.  Morphometric  maps  of  macrofossil  study  sites.  Contour  interval  is  1 meter.  Solid  circles  denote  locations  of  principal 
macrofossil  core  sites;  open  circles  indicate  locations  of  relevant  pollen  core  sites. 
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METHODS 


Field 

Sediment  cores  were  obtained  from  areas  of  intermediate 
water  depth  (4-6  m)  in  the  three  larger,  deeper  lakes  (Heart 
Lake,  Livingston  Pond,  Upper  Wallface  Pond).  Based  on  the 
assumptions  that  macrofossil  concentration  in  sediments 
would  decrease  with  distance  from  shore  (Birks,  1973;  Drake 
and  Burrows,  1980)  and  that  sediment  thickness  would  in- 
crease away  from  the  shore  (Davis  and  Ford,  1982),  the  coring 
sites  compromised  between  high  macrofossil  representation 
(shallow)  and  good  temporal  control  (deep).  Macrofossil  assem- 
blages from  70  surface  samples  collected  at  various  depths  in 
Heart  Lake  and  Livingston  Pond  support  the  first  assumption. 
Extensive  probing  of  Heart  Lake  sediments  and  cores  taken 
from  shallow  and  deep  portions  of  the  three  lakes  confirm  the 
second  assumption. 

Cores  were  obtained  from  Heart  Lake,  Livingston  Pond,  and 
Upper  Wallface  Pond  by  M.  C.  Sheehan  and  others  in  1977  and 
1978. 1 collected  a second  core  from  Heart  Lake  in  1981.  Heart 
Lake  Macrofossil  Core  I was  from  a water  depth  of  5.1  m on  the 
southeast  side  of  the  lake;  Macrofossil  Core  II  was  taken  at  5.1 
m depth  on  the  northeast  side  (Fig.  3).  Upper  Wallface  Pond 
was  cored  on  its  north  side  at  a water  depth  between  4 and  6 m 
(Fig.  3).  Livingston  Pond  was  cored  at  4.1  m on  the  southeast 
side  (Fig.  3).  Because  the  Livingston  Pond  Macrofossil  Core  did 
not  contain  late-glacial  sediments,  macrofossils  were  also  ob- 
tained from  the  basal  portion  of  a second  core  (Livingston  Pond 
Pollen  Core)  taken  from  a water  depth  of  8 m in  the  center  of 
the  basin. 

Distance  from  shore  was  not  considered  a relevant  factor  in 
selecting  coring  sites  in  the  three  smaller,  shallower  basins 
(Elk  Pass  Bog,  Lake  Arnold,  Lake  Tear),  so  macrofossil  cores 
were  taken  where  sediments  appeared  to  be  thickest.  I as- 
sumed that  sediments  would  be  thickest  at  greatest  water 
depth  in  Lake  Arnold  (2.5  m)  and  Lake  Tear  (0.8  m)  (Fig.  3). 
Probing  of  the  Elk  Pass  basin  indicated  that  sediment  depth 
was  greatest  under  the  central  part  of  the  bog  mat  (Fig.  3). 
Lake  Tear  was  cored  by  M.  C.  Sheehan  and  myself  in  1979.  I 
obtained  cores  from  Elk  Pass  Bog  and  Lake  Arnold  in  1980. 
The  Lake  Arnold  Macrofossil  Core  lacked  late-glacial  and 
early  Holocene  sediments,  so  macrofossils  were  also  recovered 
from  the  bottom  2.5  m of  the  Lake  Arnold  Pollen  Core  used  by 
Whitehead  and  Jackson  (1987).  At  Lake  Tear,  the  same  core 
was  used  for  analyses  of  pollen  (Whitehead  and  Jackson,  1987) 
and  macrofossils. 

Coring  was  carried  out  with  a modified  Wright-Cushing 
square-rod  piston  sampler  (Cushing  and  Wright,  1965)  from  a 
flat-bottomed  boat  with  outrigger  pontoons  (Heart  Lake)  or 
from  a collapsible  plywood  platform  mounted  on  two  inflatable 
canoes  (Livingston  Pond,  Upper  Wallface  Pond,  Lake  Arnold, 
Lake  Tear). 

Laboratory 

The  Heart  Lake,  Livingston  Pond,  and  Upper  Wallface  Pond 
core  segments  were  sliced  into  sections  5 cm  long,  yielding  cy- 
lindrical subsamples  - 100  cm®  in  volume  for  analysis.  A pol- 
len subsample  ( < 1 cm®)  was  removed  from  the  center  of  the 
upper  surface  of  each  sediment  cylinder. 


A modified  subsampling  procedure  was  used  for  the  Elk 
Pass,  Lake  Arnold,  and  Lake  Tear  cores.  Disks  1 cm  thick  were 
sliced  from  each  core  at  5-cm  intervals  for  pollen  and  other 
analyses.  The  remaining  4-cm  long  cylinders  ( ~ 78  cm®)  were 
processed  for  macrofossils.  Macrofossil  samples  from  the  basal 
portions  of  the  Livingston  Pond  and  Lake  Arnold  pollen  cores 
were  obtained  in  the  same  way. 

Before  storage  or  processing  the  outer  1-3  mm  were  scraped 
off  each  sediment  cylinder  to  remove  possible  contaminant 
macrofossils.  All  non-horizontally  oriented  macrofossils  on  or 
near  the  outside  of  the  sediment  cylinder  were  also  removed. 

Macrofossil  subsamples  were  initially  dispersed  by  gentle 
agitation  in  water  and  then  washed  through  sieves  (707  gm 
mesh  and  420  gm  mesh).  Residues  from  the  sieves  were  com- 
bined and  stored  in  25%  ethanol  at  4°C. 

Scanning  and  initial  counts  of  macrofossil  samples  were 
made  using  a stereomicroscope  at  12X  magnification.  All 
readily  identifiable  macrofossils  were  tallied  during  the  ini- 
tial scanning  of  the  sample.  Other  macrofossils  were  removed 
and  placed  in  25%  ethanol  in  a separate  vial.  These  specimens 
were  examined  in  greater  detail  later.  All  conifer  needles  and 
needle  fragments,  sterigmata,  twigs,  cones,  cone  scales,  fruits, 
seeds,  catkin  bracts,  identifiable  dicot  leaves,  megaspores,  and 
oospores  from  the  cores  were  identified  to  the  lowest  taxonomic 
unit  possible  and  tallied.  Time  limitations  and  lack  of  suitable 
reference  material  prohibited  identification  of  bud  scales,  mi- 
crosporangia, and  mosses. 

Because  many  of  the  conifer  needles  were  fragmented,  api- 
cal, medial,  and  basal  fragments  were  tallied  separately.  For 
each  species  in  each  sample  the  total  number  of  whole  needles 
was  added  to  the  larger  of  the  two  values  for  apical  and  basal 
fragments  to  give  a minimum  estimate  of  the  number  of  nee- 
dles represented  in  the  sample. 

Identification  of  all  specimens  was  carried  out  using  mor- 
phological and  anatomical  characteristics  derived  from  exami- 
nation of  documented  reference  specimens.  Some  needle  speci- 
mens (especially  Taxus  fragments)  required  microscopic 
examination  of  epidermal  anatomy  for  identification.  Needles 
of  Pinus  banksiana  and  P.  resinosa  were  distinguished  accord- 
ing to  number  and  location  of  resin  ducts  in  cross  section  (e.g., 
Harlow,  1947).  Spruce  cones,  cone  fragments,  and  cone  scales 
were  identified  to  the  species  level  based  on  cone  length,  cone 
width,  cone  width-length  ratio,  bract  length,  bract  width, 
bract  apex  shape,  and  free-scale  distance.  These  features  were 
compared  with  data  from  reference  specimens  and  published 
sources  (Hills  and  Ogilvie,  1970;  Parker  and  MacLachlan, 
1978). 

The  macrofossil  data  (Figs.  5-13)  are  expressed  as  concentra- 
tions (number  of  specimens  per  100  cm®  of  sediment).  Usage  of 
"sp.,”  "cf.,”  "type,”  and  "/”  in  presenting  the  data  follows  Birks 
and  Birks  (1980).  Except  as  noted,  Picea  macrofossils  could  be 
any  of  the  three  spruce  species  of  eastern  North  America.  In  all 
cases,  Abies  refers  to  A.  balsamea,  Larix  to  L.  laricina,  Tsuga 
to  T.  canadensis,  Thujato  T.  occidentalis,  Taxusto  T.  canaden- 
sis, and  Sorbus  to  S.  americana.  Betula  glandulosa-iyTge  in- 
cludes all  members  of  Betula  Series  Humiles.  Betulaceae 
fruits  include  Alnus  and  Betula  fruits  that  could  not  be  identi- 
fied to  species  (Betula  in  nearly  all  cases)  and  fruits  too  poorly 
preserved  to  assign  to  either  genus. 
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Samples  for  pollen  analysis  were  prepared  using  standard 
methods  for  organic  lake  sediments  (Faegri  and  Iversen,  1975) 
(treatments  with  10%  KOH,  10%  HCl,  40%  HF,  and  acetolysis 
solution).  Samples  were  dehydrated  in  ethanol,  stained  with 
basic  fuchsin,  and  suspended  in  tertiary  butyl  alcohol.  Pollen 
residue  was  mounted  in  silicone  oil  (12,000  centistokes)  on  mi- 
croscope slides. 

Pollen  identification  and  counts  were  made  at  a magnifica- 


tion of  400X  using  a Leitz  Orthoplan  microscope.  An  oil  im- 
mersion lens  (lOOOX  total  magnification)  was  used  to  examine 
some  grains.  All  pollen  and  spore  types  encountered  were  tab- 
ulated. The  pollen  sum  used  in  calculating  pollen  percentages 
consisted  of  all  identified  pollen  grains  except  those  of  obli- 
gately  aquatic  taxa.  The  pollen  sum  was  at  least  200  for  all 
samples. 


HEART  LAKE  M ACROFOSS I L CORE  n 


^ GYTTJA  CLAY  [2  SILT  HI  SAND 

Figure  4.  Percentage  diagram  of  selected  pollen  types  from  Heart  Lake  Macrofossil  Core  II.  Presence  of  macrofossils  is  denoted 
by  solid  dots  on  right  side  of  diagram.  Blank  areas  in  Sediment  IVpe  column  of  this  and  all  macrofossil  diagrams  represent  gaps 
between  core  segments. 


9 


POLLEN  ZONATION  AND 
SEDIMENT  CHRONOLOGY 


Age-depth  relationships  for  the  macrofossil  cores  were  deter- 
mined by  pollen-stratigraphic  correlation  with  '“‘C-dated  cores 
from  Heart  Lake,  Upper  Wallface  Pond,  Lake  Arnold,  and 
Lake  Tear  of  the  Clouds.  Six  pollen  zones  were  identified  in  the 
High  Peaks  pollen  stratigraphy  (Table  3,  Fig.  4)  (Whitehead 
and  Jackson,  1989).  Pollen  zone  boundaries  were  in  most  cases 
contemporaneous  among  the  four  '“C -dated  cores  (Whitehead 
and  Jackson,  1989).  The  HP-l/HP-2  zone  boundary  dated  at 

11.500  yr  B.P  at  Heart  Lake  and  Upper  Wallface  Pond,  and 

10.500  yr  B.P.  at  Lake  Arnold.  The  HP-2/HP-3  boundary  oc- 
curred 9700  yr  B.P.  at  all  sites  except  Lake  Tear,  where  it  was 
dated  at  8800  yr  B.P.  The  HP-3/HP-4  transition  occurred  7000 
yr  B.P.  at  Heart  Lake  and  Upper  Wallface  Pond,  and  6000  yr 
B.P.  at  Lake  Arnold  and  Lake  Tear.  The  HP-4/HP-5  and  HP-5/ 
HP-6  zone  boundaries  were  dated  at  all  sites  at  4800  and  2000 


yr  B.P,  respectively. 

Age-depth  relationships  for  the  macrofossil  cores  were  based 
on  linear  interpolation  between  pollen-zone  boundaries.  For 
those  sites  where  ‘‘‘C-dated  cores  were  available  pollen-zone 
boundaries  were  assumed  to  be  contemporaneous  among  cores 
within  each  lake.  Pollen-zone  boundary  dates  for  Livingston 
Pond  were  assumed  to  be  the  same  as  those  for  Heart  Lake  and 
Upper  Wallface  Pond.  Elk  Pass  Bog  is  between  Upper  Wallface 
Pond  and  Lake  Arnold  in  elevation,  so  the  dating  of  the  HP-3/ 
HP-4  zone  boundary  is  less  certain.  I used  7000  yr  B.P.  for  the 
HP-3/HP-4  boundary  at  Elk  Pass  Bog,  because  this  date  fit 
more  nearly  linearly  between  the  HP-2/HP-3  and  HP-4/HP-5 
boundaries  in  the  age-depth  relationship  than  did  younger 
dates. 


TABLE  3.  Characteristic  features  of  pollen  assemblage  zones  in  the  High  Peaks  region,  Adirondack  Mountains,  New  York  (after 
Whitehead  and  Jackson,  1989).  Numbers  refer  to  pollen  percentages.  "(I)”  and  "(D)”  respectively  indicate  that  pollen  percentages 
increase  or  decrease  upward  within  an  assemblage  zone. 


ASSEMBLAGE  ZONE 


HP-1 

(Herb-Pine) 

HP-2 

(Spruce) 

HP-3 

(Pine) 

HP-4 

(Hemlock) 

HP-5 

(Birch-Beech) 

HP-6 

(Spruce-Birch) 

Herbs 

>20 

5-30  (D) 

<5 

<5 

<5 

<5 

Pice  a 

>10 

10-60  (D) 

<5(D) 

<5 

<5 

5-20 

Pinus 

>20 

10-40 

30-60 

10-40  (D) 

10-20 

10-20 

Betula 

<10 

5-30  (I) 

>15 

20-50  (I) 

30-50 

30-50 

Alnus 

<10 

0-40 

<5 

<5 

<5 

<5 

Tsuga 

< <1 

< <1 

1-15(1) 

10-25  (I) 

1-15 

5-10 

Fagus 

< <1 

< <1 

0-5  (I) 

5-10 

10-15 

5-10 

Acer  saccharum 

< <1 

< <1 

0-2 

1-3 

2-4 

2-4 

APPLICATION  OF  MACROFOSSIL  DATA  TO  RECONSTRUCTION 

OF  TERRESTRIAL  VEGETATION 


Reconstruction  of  terrestrial  vegetational  changes  from 
macrofossil  stratigraphy  is  hampered  by  a limited  understand- 
ing of  macrofossil  production,  dispersal,  and  deposition.  The 
few  published  studies  of  modern  macrofossil  assemblages 
(Chaney,  1924;  McQueen,  1969;  Birks,  1973;  Glaser,  1978, 
1981;  Drake  and  Burrows,  1980;  Spicer,  1980, 1981;  Collinson, 
1983;  Holyoak,  1984;  Dunwiddie,  1987)  do  not  provide  suitable 
analogs  for  the  vegetational  and  depositional  situations  that 
have  prevailed  since  the  late-glacial  in  lake/watershed  sys- 
tems of  northeastern  North  America.  The  studies  of  Glaser 
(1978,  1981)  and  Spicer  (1980,  1981)  are  useful  in  interpreting 
late-glacial  assemblages  from  mineral-rich  lake  sediments  in 
this  region.  A more  adequate  basis  for  interpreting  Holocene 
macrofossil  sequences  from  the  High  Peaks  sites  is  provided  by 
my  study  of  macrofossil  assemblages  from  surface  sediment 
samples  obtained  from  three  of  the  study  sites:  Heart  Lake  (54 
samples),  Livingston  Pond  (22),  and  Lake  Arnold  (7).  I review 


results  of  this  work  to  justify  or  qualify  assumptions  used  in 
interpreting  the  macrofossil  stratigraphy. 

The  most  fundamental  assumption  required  in  applying 
macrofossil  analysis  to  terrestrial  vegetation  reconstruction  is 
that  sedimentary  macrofossil  assemblages  provide  a sample  of 
vegetation  occurring  within  the  watershed  of  the  lake.  Given 
the  size  and  mass  of  most  macrofossils  long-distance  transport 
except  by  streams  and  rivulets  within  a watershed  is  unlikely. 
However,  two  mechanisms  can  potentially  move  macrofossils 
from  one  drainage  basin  to  another:  animals  and  wind.  Ani- 
mal transport  of  the  macrofossil  types  encountered  in  this 
study  should  be  inconsequential.  The  only  macrofossil  t3q)es 
likely  to  be  carried  by  animals  (seeds  of  Sorbus,  Prunus,  Vacci- 
nium,  Corylus)  are  rare  (Figs.  5-13).  Wind  can  move  macrofos- 
sils in  several  ways.  Updrafts  of  large  forest  fires  can  carry  nee- 
dles and  other  materials  long  distances  (Baker,  1976).  A 
second  mechanism  is  "debris  skiing,”  in  which  leaves  and  seeds 
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are  swept  long  distances  along  snow  surfaces.  This  process  is 
well- documented  in  tundra  regions  (Glaser,  1978,  1981).  It 
should  be  less  significant  on  forested  landscapes,  where 
ground-level  wind  velocities  are  low  and  the  probability  of  in- 
terception by  obstacles  is  high.  Strong,  turbulent  winds  may 
transport  light,  winged  seeds  (birches,  white  cedar,  Pinaceae) 
long  distances  (van  der  Pijl,  1982).  These  events,  however,  are 
infrequent.  Although  all  three  of  these  wind  processes  could 
transport  plant  debris  long  distances  in  the  High  Peaks,  they 
probably  account  for  a negligible  proportion  of  the  macrofos- 
sils entering  lake  basins. 

Differential  production,  transport,  sorting,  and  preservation 
of  potential  plant  macrofossils  among  taxa  are  responsible  for 
substantial  bias  in  macrofossil  assemblages.  Many  important 
forest  taxa  (maples,  beech,  mountain  ash)  are  uniformly  rare 
in  lake-sediment  surface  assemblages  regardless  of  their 
abundance  in  watershed  vegetation.  In  contrast,  conifers  and 
birches  are  abundant  in  surface  assemblages,  even  when 
scarce  in  the  vegetation.  Disproportionate  contribution  of  po- 
tential macrofossils  by  plants  growing  along  the  lakeshore  or 
influent  streams  is  an  additional  source  of  bias.  Forest  vegeta- 
tion along  the  shores  of  Heart  Lake  and  Livingston  Pond  dif- 
fers somewhat  from  that  of  watershed  uplands.  Bias  toward 
unique  streamside  vegetation  at  the  High  Peaks  sites  is  less 
important,  because  stream  gradients  in  all  the  watersheds  are 
steep  and  consequently  streamside  forests  do  not  differ  sub- 
stantially from  those  of  the  surrounding  uplands. 

Morphometry,  hydrology,  and  sedimentation  properties  of 


an  individual  basin  undoubtedly  influence  its  macrofossil- 
collecting properties  (Jacobson  and  Bradshaw,  1981).  This  hin- 
ders direct  comparison  of  macrofossil  concentrations  among 
different  basins  and,  in  some  cases,  among  stratigraphic  inter- 
vals within  a basin  (see  discussion  of  Lake  Tear  of  the  Clouds 
below). 

Changes  in  sedimentary  macrofossil  concentrations  may 
result  from  changes  in  sediment  accumulation  rates.  To  assess 
this  effect,  I calculated  accumulation  rates  (numbers/m^/yr)  of 
selected  macrofossil  types  in  each  core.  In  nearly  all  cases  con- 
version of  macrofossil  concentrations  to  accumulation  rates 
did  not  substantially  alter  the  major  stratigraphic  trends.  The 
exceptions  are  Lake  Tear  of  the  Clouds,  which  had  a complex 
depositional  history,  and  Zone  HP-4  of  Livingston  Pond,  where 
there  may  be  a gap  in  the  core. 

A final  problem  concerns  whether  the  sample  size  used  in 
this  study  adequately  represents  the  parent  sedimentary  mac- 
rofossil assemblage.  This  problem  has  two  facets:  (1)  Is  the 
sample  large  enough  to  contain  all  of  the  important  macrofos- 
sil types?  (2)  Is  the  sample  size  large  enough  to  provide  an  accu- 
rate estimate  of  concentrations  of  important  macrofossil 
types? 

Modern  macrofossil  assemblages  from  High  Peaks  lakes  in- 
dicate that  presence/absence  data  from  sediment  samples  of 
80-100  cm®  contain  all  or  most  of  the  major  macrofossil  types. 
Presence/absence  data  from  samples  of  this  size  are  reliable  for 
detecting  significant  populations  of  conifers  and  birches.  At 
Heart  Lake  macrofossils  of  spruce,  fir,  white  pine,  white  cedar, 


HEART  LAKE 

WOODY-PLANT 


MACROFOSSIL  CORE 

MACROFOSSIL  DIAGRAM 


2 1 5 

NUMBER  OF  SPECIMENS /lOO  cm’ 


SEDIMENT 


^ GYTTJA  SiLTY  CLAY  |||  SANDY  SILT 

Figure  5.  Woody  plant  macrofossil  concentration  diagram  for  Heart  Lake  Macrofossil  Core  1.  Question  marks  refer  to  possible 
contaminants  (see  text). 
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paper  birch,  and  yellow  birch  were  observed  in  nearly  all  sam- 
ples examined  (N  = 54).  In  most  cases  in  which  one  or  more  of 
these  taxa  were  absent  the  sample  was  from  sand  in  shallow 
water  or  from  water  depth  > 6 m in  the  center  of  the  lake.  At 
Livingston  Pond  spruce  and  white  cedar  occurred  in  all  22 
samples,  and  fir  and  paper  birch  were  each  present  in  21  sam- 
ples. Spruce  and  fir  were  present  in  all  seven  samples  from 
Lake  Arnold;  paper  birch  occurred  in  six  samples.  Presence/ 
absence  data  are  less  useful  for  detecting  small  populations  of 
conifers  and  birches  and  useless  for  other  hardwoods  (maples, 
beech).  For  instance,  white  pine  and  yellow  birch  occurred  re- 
spectively in  eight  and  two  samples  from  Livingston  Pond  (N  = 
22),  where  both  of  these  taxa  are  rare. 

Interpretation  of  macrofossil  abundance  is  more  complex. 
Macrofossil  concentrations  in  surface  sediments  from  all  three 
lakes  are  highly  variable.  This  results  in  part  from  differences 


in  water  depth  and  distance  from  shore;  variance  is  reduced 
among  replicate  samples  from  the  same  location.  However, 
even  these  samples  display  significant  variability.  Therefore, 
changes  in  macrofossil  concentrations  must  be  interpreted 
with  caution. 

In  the  present  study  I infer  long-term  changes  in  tree  popula- 
tions from  changes  in  macrofossil  concentrations  only  if  the 
macrofossil  trend  is  sustained  over  several  sample  intervals,  if 
the  trend  is  clearly  the  result  of  a change  in  macrofossil  accu- 
mulation rate  rather  than  sediment  accumulation  rate,  and  if 
the  trend  is  accompanied  by  a corresponding  change  in  pollen 
frequencies  of  the  taxon.  The  macrofossil  data  include  some 
suggestive  changes  that  fail  to  meet  one  or  more  of  these  crite- 
ria, and  the  interpretation  of  such  changes  is  necessarily  spec- 
ulative. 


RECONSTRUCTION  OF  LOCAL  VEGETATION  HISTORY 


Heart  Lake  (661  m) 

Because  Macrofossil  Core  II  from  Heart  Lake  has  higher 
macrofossil  concentrations,  better  temporal  control,  and  older 
basal  sediments  than  Macrofossil  Core  I,  vegetational  infer- 
ences and  reconstructions  are  based  principally  on  the  Macro- 
fossil Core  II  stratigi'aphy.  Information  from  Macrofossil  Core  I 
(Fig.  5)  is  used  mainly  to  corroborate  or  qualify  interpretations 
of  the  Macrofossil  Core  H record  (Fig.  6). 

Zone  HP-1.  Macrofossil  assemblages  from  HP-1  contain  sev- 
eral characteristic  tundra  herbs  and  shrubs,  including  Betula 
glandulosa-type,  Vaccinium  uliginosum,  Dryas  integrifolia, 
and  Empetrum  spp.  (Fig.  6).  The  pollen  spectra  of  this  zone  in- 
dicate tundra  vegetation  (Whitehead  and  Jackson,  1988). 
Most  of  the  HPl  taxa  are  frequent  components  of  late-glacial 
macrofossil  assemblages  in  northeastern  North  America  (An- 
derson et  al.,  1986;  Argus  and  Davis,  1962;  Miller  and  Thomp- 
son, 1979;  Mott  et  al.,  1981;  Watts,  1979). 

Spruce  was  a local  component  of  the  tundra  vegetation  near 
Heart  Lake  (Fig.  6),  which  may  have  been  similar  to  that  in- 
ferred by  Miller  and  Thompson  (1979)  for  late-glacial  northern 
Vermont.  White  spruce  (Picea  glauca)  was  probably  the  spruce 
species  present  at  Heart  Lake;  dimensions  of  a cone  bract  from 
3.74-3.79  m depth  in  Macrofossil  Core  II  closely  match  those  of 
white  spruce  and  are  much  greater  than  those  typical  of  black 
or  red  spruce. 

Zone  HP-2.  Sediments  of  the  bottom  30  cm  of  HP-2  and  all  of 
HP-1  are  predominantly  mineral,  and  the  lithology  changes 
within  both  intervals  and  across  the  HP-l/HP-2  boundary. 
Changes  in  the  macrofossil  concentrations,  therefore,  may 
result  from  changes  in  the  sorting  and  deposition  regime  (Spi- 
cer, 1980, 1981).  Concentrations  of  spruce  needles,  sterigmata, 
and  seeds  increase  markedly  across  the  zone  boundary  (Fig.  6), 
as  do  spruce  pollen  percentages  (Fig.  4).  The  pollen  and  macro- 
fossil data  together  strongly  suggest  that  spruce  populations 
increased  substantially  in  the  vicinity  of  Heart  Lake  - 12,000 
yr  B.P 

Macrofossils  of  Juniperus  communis,  Betula  glandulosa- 
type,  Vaccinium  uliginosum,  and  Dryas  integrifolia  occur  in 
some  HP-2  samples  (Fig.  6),  corroborating  pollen  evidence 
(Whitehead  and  Jackson,  1988)  for  open,  spruce-dominated 
woodland  during  this  period.  Although  most  of  these  macrofos- 


sils occur  in  a single  sample  within  HP-2, 1 view  the  possibility 
that  they  represent  a temporary  shift  to  cooler  conditions  as 
unlikely  in  the  absence  of  a marked  corresponding  shift  in  the 
pollen  sequence.  Redeposition  of  these  fossils  from  older  sedi- 
ments seems  improbable,  because  they  are  well-preserved  and 
occur  in  high  concentrations.  Absence  of  these  taxa  from  other 
levels  may  result  from  different  transport  and  deposition  re- 
gimes (e.g.,  Spicer,  1980,  1981). 

Achenes  of  Ranunculus  Sect.  Batrachium  occurred  in  the 
lower  portion  of  HP-2  (Jackson,  1983).  The  preference  of  most 
species  of  this  section  for  wet  calcareous  sites  (Fernald,  1950) 
corroborates  evidence  from  diatom  stratigraphy  (Whitehead  et 
al.,  1986)  that  watershed  soils  were  base-rich. 

White  spruce  was  present  in  the  vicinity  of  the  lake  during 
HP-2,  as  indicated  by  a well-preserved  cone  in  the  lower  part  of 
the  zone  ( ~ 11,400  yr  B.P.)  (Fig.  6).  White  spruce  may  have 
been  the  dominant  spruce  in  the  region  during  the  spruce 
woodland  period,  given  its  ability  to  grow  well  on  base-rich 
soils  (Davis,  1983). 

Tamarack  and  fir  became  established  during  this  portion  of 
the  late-glacial  period  (11,000  and  10,500  yr  B.P,  respectively) 
(Figs.  5,  6).  The  high  concentrations  of  tamarack  macrofossils 
in  the  upper  portion  of  HP-2  (Figs.  5,6)  coincide  with  a signifi- 
cant pollen  maximum  (Whitehead  and  Jackson,  1989).  Tama- 
rack evidently  established  substantial  populations  near  the 
lake  by  ~ 10,200  yr  B.P. 

Between  10,500  and  10,000  yr  B.P.  alder  pollen  percentages 
increased  rapidly  to  a short-lived  maximum  and  then  declined 
sharply  between  10,000  and  9500  yr  B.P.  (Fig.  4)  (Whitehead 
and  Jackson,  1989).  However,  alder  macrofossils  are  rare  in 
Heart  Lake  sediments  of  this  period.  Nearly  all  identifiable 
Betulaceae  fruits  from  Macrofossil  Core  II  are  birch;  a single 
alder  fruit  occurred  in  the  top  sample  from  Zone  HP-2.  No  iden- 
tifiable alder  fruits  occurred  in  HP-2  sediments  of  Macrofossil 
Core  1.  Alder  does  not  appear  to  have  been  common  near  the 
shore  of  Heart  Lake. 

Closed  forests  developed  for  the  first  time  in  the  region  dur- 
ing the  alder  decline  (Whitehead  and  Jackson,  1989).  The  mac- 
rofossil data  indicate  that  the  early  forests  of  the  Heart  Lake 
watershed  consisted  of  spruce,  fir,  tamarack,  and  paper  birch. 
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HEART  LAKE  MACROFOSSIL  CORE  I 


^ GYTTJA  CLAY  SILT  SAND 

Figure  6.  Woody  plant  macrofossil  concentration  diagram  for  Heart  Lake  Macrofossil  Core  II.  Dots  represent  single  occurrences. 
Scale  has  been  expanded  for  Taxus  needles,  Fagus  leaves,  Salix  capsules,  Dryas  integrifolia  leaves,  and  Vaccinium  uliginosum 
leaves. 


Aspen  was  also  a local  component,  and  elm  and  black  ash  may 
have  been  present  (Whitehead  and  Jackson,  1989).  Pollen  data 
indicate  that  spruce  populations  in  the  region  decreased  rap- 
idly near  the  end  of  HP-2.  This  decrease,  however,  is  not  clearly 
recorded  in  the  macrofossil  sequences. 

Zone  HP-3.  This  interval  records  the  occurrence  of  closed, 
mixed  deciduous-coniferous  forests  and  the  arrival  of  several 
important  tree  taxa  in  the  Adirondack  region  (Whitehead  and 
Jackson,  1989).  Pollen  data  indicate  that  by  9700  yr  B.P.,  vege- 
tation of  the  region  consisted  of  birch,  aspen,  and  fir,  with 
hornbeam  {Ostrya  virginiana  and/or  Carpinus  caroliniand), 
jackpine,  black  ash,  and  oak  possibly  present  also.  The  abun- 
dance of  paper  birch  fruits  in  lower  HP-3  macrofossil  assem- 
blages (Figs.  5,  6)  indicates  that  this  species  was  a major  com- 
ponent of  watershed  vegetation.  Spruce,  fir,  and  tamarack  also 
occurred  locally  (Figs.  5,  6).  Jackpine  was  evidently  not  com- 
mon at  Heart  Lake;  jackpine  needles  occur  only  at  two  levels 
(-8600  yrB.P.)(Fig.6). 

The  immigration  and  establishment  of  white  pine  popula- 
tions 9000  yr  B.P.  is  recorded  by  the  replacement  of  birch  by 
white  pine  as  the  dominant  pollen  type  (Fig.  4)  (Whitehead 
and  Jackson,  1989).  White  pine  needles  and  short  shoots  are 
abundant  in  upper  HP-3  sediments  (<9000  yr  B.P.)  (Fig.  6). 
Spruce,  fir,  tamarack,  and  paper  birch  persisted  in  the  water- 
shed throughout  HP-3  (Fig.  6).  The  abundance  of  paper  birch 
macrofossils  suggests  that  the  sharp  decline  in  birch  pollen 
percentages  in  the  lower  part  of  HP-3  resulted  more  from  an 
increase  in  white  pine  pollen  than  from  a major  decline  in  pa- 
per birch  populations. 

Tamarack  abundance  declined  after  8500  yr  B.P.  Tamarack 
needle  concentrations  decline  in  both  cores,  and  tamarack  pol- 


len decreases  to  trace  levels  (Whitehead  and  Jackson,  1989). 

A few  hemlock  needles  and  sterigmata  occur  in  samples  near 
the  HP-2/HP-3  boundary  of  Macrofossil  Core  I (Fig.  5).  Hem- 
lock pollen  is  absent  or  in  trace  percentages  in  sediments  of 
this  age  (Fig.  4)  (Whitehead  and  Jackson,  1989).  Hemlock  mac- 
rofossils were  not  found  in  sediments  of  equivalent  age  from 
Macrofossil  Core  II  or  from  other  sites.  The  hemlock  macrofos- 
sils from  Macrofossil  Core  I are  from  the  top  and  bottom  por- 
tions of  core  segments,  and  may  be  contaminants  from  youn- 
ger sediments.  Alternatively,  they  may  represent  a small, 
isolated  population  established  near  the  lake  before  the  re- 
gional expansion  of  hemlock  populations  7000  yr  B.P.  (e.g., 
Bennett,  1985;  see  also  Davis  et  al.,  1980). 

Zone  HP-4.  The  high  percentages  of  hemlock  pollen  through- 
out HP-4  indicate  that  hemlock  was  an  important  regional 
component  of  the  vegetation  (Whitehead  and  Jackson,  1989). 
Hemlock  needles,  sterigmata,  twigs,  and  seeds  are  abundant 
in  HP-4  macrofossil  assemblages  (Figs.  5,  6).  Hemlock  ex- 
panded rapidly  at  - 7000  yr  B.P,  developing  large  populations 
near  Heart  Lake. 

Fir  needles,  which  are  present  throughout  HP-3,  are  rare  in 
HP-4.  Spruce,  tamarack,  and  paper  birch  are  frequent  in  the 
lower  part  of  HP-4,  but  they  are  rare  or  absent  in  the  rest  of  the 
interval.  Red  pine  disappears  from  Macrofossil  Core  II  sedi- 
ments just  above  the  HP-3/HP-4  boundary.  Pollen  percentages 
of  spruce,  fir,  tamarack,  and  pine  also  decrease  at  the  HP-3/HP- 
4 boundary  (Fig.  4;  Whitehead  and  Jackson,  1989).  I interpet 
these  trends  to  represent  reduction  of  local  abundance  of  fir, 
tamarack,  spruce,  red  pine,  and  paper  birch.  The  expansion  of 
hemlock  populations  at  Heart  L.  was  probably  the  major 
causal  factor.  Hemlock  trees  are  shade-tolerant,  can  attain 
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great  age,  and  will  grow  well  on  both  slopes  with  coarse  soils 
and  flat,  moist  lake  margins  (Fowells,  1965;  Rogers,  1978). 
Thus,  hemlock  could  have  replaced  intolerant  and/or  short- 
lived trees  such  as  tamarack,  red  pine,  balsam  fir,  and  paper 
birch  on  upland  as  well  as  lakeshore  sites.  Although  beech  and 
sugar  maple  were  present  in  the  High  Peaks  region  pollen  per- 
centages of  these  taxa  did  not  increase  at  the  HP-3/HP-4 
boundary  or  during  HP-4  (Fig.  4;  Whitehead  and  Jackson, 
1989).  Interspecific  competition  from  hemlock  appears  to  be  a 
sufficient  explanation  for  the  local  demise  of  intolerant  taxa 
between  7000  and  6000  yr  B.P.  at  Heart  Lake.  Climatic  change 
may  have  played  an  indirect  role  in  facilitating  population  ex- 
pansion of  hemlock. 

The  appearance  of  yellow  birch  in  the  macrofossil  record  at 
-6000  yr  B.P.  coincides  with  a substantial  increase  in  birch- 
pollen  percentages  (Fig.  4;  Whitehead  and  Jackson,  1989). 
Competition  with  yellow  birch  may  have  been  important  in  re- 
ducing populations  of  paper  birch,  which  disappears  from  the 
macrofossil  record  at  almost  the  same  time  that  yellow  birch 
appears  (Fig.  6).  Yellow  birch  is  the  more  shade-tolerant  of  the 
two  species  and  is  more  effective  at  establishing  itself  in  small 
light-gaps  and  disturbances  (Fowells,  1965).  Replacement  of 
paper  birch  by  yellow  birch  may  have  been  facilitated  by  a 
climate-mediated  change  in  the  spatial  scale  and/or  temporal 
frequency  of  disturbances  (e.g.,  a change  from  extensive  fires 
to  small  windthrow  gaps). 

The  pollen  and  macrofossil  data  indicate  that  white  pine 
abundance  at  Heart  Lake  declined  during  HP-4  (Figs.  4,  5,  6; 
Whitehead  and  Jackson,  1989).  Competition  with  hemlock 
was  probably  not  the  major  cause.  Substantial  numbers  of 
white  pine  needles  were  still  being  deposited  at  the  Macrofos- 
sil Core  II  site  more  than  1000  yr  after  the  hemlock  expansion. 
The  maximum  lifespan  of  white  pine  is  less  than  500  yr  (Fo- 
wells, 1965),  so  the  disappearance  of  white  pine  needles  in  up- 
per HP-4  does  not  represent  the  dying-off  of  the  last  generation 
of  white  pine  established  before  the  hemlock  expansion.  The 
white  pine  decline  probably  resulted  from  changes  in  climate 
and/or  disturbance  regime. 

Immediately  before  the  HP-4/HP-5  transition  hemlock  domi- 
nated the  forests  of  the  Heart  Lake  watershed.  Yellow  birch, 
sugar  maple,  and  beech  were  also  important. 

Zone  HP-5.  The  HP-4/HP-5  pollen  zone  boundary  is  marked 
by  a sharp  decline  in  hemlock  percentages  (Fig.  4;  Whitehead 
and  Jackson,  1989),  indicating  a major  regional  decline  in 
hemlock  populations.  Davis  (1981a)  has  demonstrated  that 
this  decline  occurred  nearly  synchronously  throughout  the 
Northeast  and  northern  Midwest,  and  she  argues  that  the 
event  resulted  from  a sudden  pest  or  disease  outbreak. 

The  hemlock  decline  is  recorded  in  the  macrofossil  se- 
quences of  both  cores  (Figs.  5,  6).  (Although  concentrations  of 
hemlock  needles  are  very  high  in  one  sample  from  the  lower 
part  of  HP-5  (Fig.  6),  most  of  the  needles  were  originally  at- 
tached to  a single  twig  in  the  sample.)  The  persistence  of  hem- 
lock macrofossils  in  low  numbers  above  the  decline  indicates 
that  hemlock  populations  at  Heart  L.  were  not  completely  ex- 
terminated during  the  event. 

The  decline  in  hemlock  pollen  percentages  is  accompanied 
by  increases  in  birch,  beech,  and,  to  a lesser  extent,  fir  and  pine 
pollen  (Fig.  4;  Whitehead  and  Jackson,  1989),  indicating  in- 
creases in  abundance  of  these  taxa  in  response  to  the  death  of 


hemlock  trees.  The  macrofossil  record  supports  this  inference. 
Well-preserved  beech  leaves,  absent  from  HP-4  sediments,  oc- 
cur at  several  levels  just  above  the  hemlock  decline  in  Macro- 
fossil Core  II  (Fig.  6).  Dicot  leaf  fragments  and  skeletons  are 
infrequent  to  rare  in  HP-3  and  HP-4  sediments  from  Macrofos- 
sil Core  II,  but  they  are  abundant  throughout  HP-5,  suggest- 
ing substantial  increases  of  beech  (the  leaves  of  which  decay 
relatively  slowly)  and  probably  other  hardwoods.  The  abun- 
dance of  yellow  birch  macrofossils  and  the  rarity  of  paper  birch 
macrofossils  above  the  hemlock  decline  indicate  that  yellow 
birch  was  principally  responsible  for  the  sharp  increase  in 
birch  pollen  following  the  hemlock  decline.  Although  pollen 
evidence  for  increases  of  fir  and  white  pine  in  response  to  the 
hemlock  decline  is  less  definitive  than  it  is  for  beech  and  birch, 
the  macrofossil  data  suggest  that  populations  of  these  species 
also  expanded  locally.  Fir  needles,  rare  in  HP-4,  are  consist- 
ently present  in  HP-5  in  both  cores.  When  hemlocks  along  the 
lakeshore  died  fir  could  have  been  established  effectively  be- 
cause of  its  tolerance  to  moist  soils  and  shade,  rapid  growth  to 
maturity,  and  ability  to  reproduce  under  its  own  canopy  (Fo- 
wells, 1965;  McIntosh  and  Hurley,  1964;  Costing  and  Billings, 
1951).  Hemlocks  and  firs  are  frequently  codominant  on  moist 
lake-margin  sites  in  the  Adirondacks  today.  White  pines  may 
also  have  exploited  sites  left  available  by  the  demise  of  hem- 
locks, both  along  the  lakeshore  and  on  watershed  slopes. 

Hemlock  populations  in  the  region  began  to  recover  by  3500 
yr  B.P.,  and  hemlock  was  again  an  important  component  of 
regional  vegetation  after  3000  yr  B.P.  (Whitehead  and  Jack- 
son,  1989).  Expansion  of  hemlock  populations  in  the  Heart 
Lake  watershed  are  not  clearly  recorded  by  macrofossils,  al- 
though hemlock  macrofossils  are  generally  more  abundant  in 
the  upper  sediments  of  HP-5  than  they  are  in  the  lower  portion. 
Yellow  birch,  fir,  and  white  pine  apparently  remained  impor- 
tant at  Heart  L.  throughout  HP-5.  Toward  the  end  of  HP-5  wa- 
tershed vegetation  was  dominated  by  beech,  yellow  birch, 
sugar  maple,  and  hemlock.  Fir  was  probably  locally  important 
near  the  lakeshore. 

Zone  HP-6.  The  large  increase  in  spruce-pollen  percentages 
across  the  HP-5/HP-6  boundary  marks  the  reappearance  of 
spruce  as  an  important  component  of  regional  vegetation  (Fig. 
4;  Whitehead  and  Jackson,  1989).  The  macrofossil  diagrams 
record  local  increases  of  spruce  populations  (Figs.  5,  6). 

Macrofossils  of  hemlock,  fir,  white  pine,  and  yellow  birch  are 
present  throughout  the  zone.  The  HP-6  macrofossil  assem- 
blages are  similar  to  surface  assemblages  from  Heart  Lake, 
although  surface  samples  have  more  macrofossils  of  paper 
birch  and  fewer  of  hemlock,  owing  to  watershed  disturbances 
of  the  past  century.  Vegetation  patterns  prevailing  immedi- 
ately before  human  disturbance  were  established  2000  yr  B.P. 

Livingston  Pond  (850  m) 

Macrofossils  from  the  Livingston  Pond  Pollen  Core  (Fig.  7) 
provide  a record  of  local  vegetation  during  HP-2  and  the  earli- 
est part  of  HP-3.  Alder  pollen  percentages  are  high  (20%)  in  the 
lowest  sample  from  the  Macrofossil  Core  (Jackson,  1983);  the 
base  of  this  core  is  probably  just  above  the  HP-2/HP-3  transi- 
tion. 

Zone  HP-2.  Spruce  macrofossils  are  present  throughout  the 
zone  (Fig.  7).  Betulaceae  fruits  (mostly  Betula  sp.)  occur  at 
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Figure  7.  Woody  plant  macrofossil  concentration  diagram  for  basal  portion  of  Livingston  Pond  Pollen  Core. 


most  levels.  Vegetation  of  the  watershed  was  probably  open 
spruce  woodland  during  most  of  HP-2.  No  identifiable  alder 
fruits  occurred  in  HP-2  sediments,  although  a few  occur  near 
the  base  of  HP-3  (Fig.  8).  Paper  birch,  fir,  and  tamarack  macro- 
fossils are  present  in  the  topmost  sample.  Pollen  data  indicate 
that  closed  forest  had  developed  in  the  region  by  the  time  these 
taxa  appeared  (Jackson,  1983). 

The  occurrence  of  Selaginella  selaginoides  megaspores  in 
HP2  (Jackson,  1983)  indicates  that  soils  near  the  lakeshore 
were  hase-rich  (Fernald,  1950).  This  species  is  not  known  to 
occur  in  the  modern  Adirondack  flora. 

Zone  HP-3.  Basal  HP-3  macrofossil  samples  from  the  Pollen 
Core  include  spruce,  tamarack,  fir,  and  paper  birch  (Fig.  7). 
The  lowermost  HP-3  samples  from  the  Macrofossil  Core  (Fig.  8) 
contain  macrofossils  of  all  four  of  these  trees.  Fir  and  paper 
birch  macrofossils  are  abundant.  Although  spruce  needles  are 
frequent,  spruce  pollen  percentages  are  very  low  ( < 5%)  (Jack- 
son,  1983).  Vegetation  of  the  watershed  before  9000  yr  B.P.  was 
probably  dominated  by  fir  and  paper  birch,  with  spruce  and 
tamarack  also  present. 

White  pine  was  established  at  Livingston  Pond  by  9000  yr 
B.P.  (Fig.  8).  The  abundance  of  white  pine  needles  and  the  oc- 
currence of  white  pine  seeds  suggest  that  it  was  present  in  sub- 
stantial numbers  between  9000  and  7000  yr  B.P.  Hemlock  was 
present  in  the  watershed  after  7400  yr  B.P.  (Fig.  8).  Fir,  paper 
birch,  spruce,  and  tamarack  continued  to  be  present  through- 
out HP-3. 

Zone  HP-4.  This  zone  is  represented  by  only  22  cm  of  sedi- 
ment in  the  Macrofossil  Core.  Because  the  HP-4/HP-5  bound- 
ary occurs  across  a gap  between  core  segments  (Fig.  8),  it  is 
likely  that  a few  cm  of  upper  HP-4  sediments  are  missing. 

Hemlock  macrofossils  are  abundant  in  the  HP-4  assem- 
blages. Remains  of  spruce,  fir,  tamarack,  white  pine,  and  paper 
birch  are  absent  or  present  only  in  low  numbers,  in  marked 


contrast  to  the  upper  HP-3  assemblages  (Fig.  8).  I interpret 
this  as  a major  expansion  of  hemlock  populations  in  the  water- 
shed at  7000  yr  B.P.,  with  consequent  reductions  in  abundance 
of  other  tree  taxa.  Hemlock  was  a major  constituent  of  Living- 
ston Pond  forests  before  the  hemlock  decline.  Yellow  birch  was 
present  after  6000  yr  B.P.  (Fig.  8). 

Zone  HP-5.  Hemlock  macrofossils  are  absent  immediately 
above  the  hemlock  decline  (Fig.  8).  Hemlock  populations  near 
Livingston  Pond  were  evidently  greatly  reduced,  possibly  to 
extinction.  Fir  needles  increase  sharply  at  the  hemlock  de- 
cline, and  yellow  birch  fruits  become  slightly  more  abundant. 
Fir  and  yellow  birch  appear  to  have  increased  in  abundance  in 
response  to  the  hemlock  decline.  Spruce,  tamarack,  white  pine, 
and  paper  birch  macrofossils  are  present  above  the  decline  in 
numbers  similar  to  those  below  it. 

Hemlock  macrofossils  reappear  in  sediments  near  the  top  of 
HP-5  ( ~ 3000  yr  B.P.).  Concentrations  of  spruce  and  tamarack 
needles  increase  abruptly  toward  the  end  of  HP-5.  The  tama- 
rack expansion  was  probably  local.  Spruce  pollen  percentages 
remain  low  until  the  HP-5/HP-6  boundary,  25  cm  above  the 
spruce  macrofossil  increase  (Jackson,  1983). 

Zone  HP-6.  Concentrations  of  spruce  macrofossils  continue 
to  increase  across  the  HP-5/HP-6  boundary  and  remain  high 
throughout  the  zone.  Fir  needle  concentrations  decrease  at  the 
zone  boundary.  This  may  represent  a decline  in  local  fir  abun- 
dance at  the  expense  of  spruce.  Tamarack  needles  are  present 
in  all  samples.  Paper  birch  fruits  are  present  in  most  samples, 
usually  in  small  numbers.  White  cedar  seeds  and  foliage  occur 
through  most  of  the  interval. 

Hemlock  became  locally  extinct  soon  after  the  spruce  in- 
crease. Yellow  birch  fruits  decrease  in  number  at  the  HP-5/HP- 
6 boundary,  and  they  are  rare  throughout  the  zone.  Although 
yellow  birch  persisted  after  2000  yr  B.P,  it  was  much  less 
abundant  than  before.  White  pine  needles  are  less  common  in 


15 


LIVINGSTON  POND  MACROFOSSIL  CORE 

WOODY-PLANT  M AC R 0 FO S S I L DIAGRAM 


x's  <b  Cr  r^\«' 


i'  ' a „a  e 
/• ' e< 


c,<?v 


0^0^' 

Y ^ ' 

vV  ^y  'v^  \^  c 

0,^0,^  o<^^V 


10  20  30 


10  10 


10  2 4 10  20  5 I 5 2 10  10  5 3 4 5 

NUMBER  OF  S P EC  I ME  N S/ 100  cm’  SEDIMENT 


1 

I 

F 

— 

= 1- 

==“ 

t - 

.-jJ 

l~--p  , 

10 


10  4 5 I 


50 


g^GYTTJA 

Figure  8.  Woody  plant  macrofossil  diagi-am  for  Livingston  Pond  Macrofossil  Core.  Scale  has  been  reduced  for  Picea  sterigmata 
and  Betulaceae  fruits. 


HP-6  than  in  previous  zones. 

Modern  forest  composition  at  Livingston  Pond  developed 
during  HP-6  with  the  establishment  of  large  spruce  popula- 
tions and  decreases  in  abundance  of  hemlock,  white  pine,  yel- 
low birch,  paper  birch,  and  fir.  The  extensive  white  cedar  popu- 
lations along  the  shore  of  the  pond  were  established  within  the 
last  2000  yr.  Tamarack  was  present  near  the  pond  until  very 
recently;  it  may  have  been  exterminated  by  logging  or  beaver 
activity. 

Upper  Wallface  Pond  (948  m) 

Zone  HP-2.  Most  of  the  HP-2  sediments  in  the  macrofossil 
core  are  mineral  (Fig.  9),  and  macrofossils  are  scarce  and 
poorly  preserved.  A catkin  bract  documents  the  presence  of  as- 
pen at  the  site  at  - 10,000  yr  B.P 

Zone  HP-3.  Macrofossil  concentrations  increase  at  the  HP-2/ 
HP-3  boundary.  Spruce,  fir,  and  paper  birch  macrofossils  are 
present  throughout  the  zone.  Tamarack  needles  occur  at  sev- 
eral levels,  and  white  pine  needles  occur  in  the  upper  part  of 
the  zone. 


The  low  concentrations  of  macrofossils  hamper  reconstruc- 
tions of  local  vegetation.  However,  the  HP-3  macrofossil  se- 
quence is  consistent  with  interpretations  based  on  the  Heart 
Lake  and  Livingston  Pond  records.  At  the  beginning  of  HP-3, 
vegetation  near  Upper  Wallface  Pond  probably  consisted  prin- 
cipally of  fir,  spruce,  and  paper  birch,  with  tamarack  (and  prob- 
ably aspen)  present  locally.  White  pine  was  established  at 
9000  yr  B.P.  Forests  of  white  pine,  spruce,  fir,  and  paper  birch 
persisted  until  the  HP-3/HP-4  transition. 

Zone  HP-4.  Hemlock  macrofossils  occur  for  the  first  time 
above  the  HP-3/HP-4  boundary.  Hemlock  was  present  at  Upper 
Wallface  Pond  until  the  hemlock  decline,  but  its  importance  in 
watershed  vegetation  is  difficult  to  assess  because  of  low  mac- 
rofossil concentrations.  White  pine  needles  are  absent  from 
HP-4  sediments.  Spruce  needles  are  absent  from  most  sam- 
ples. Fir  appears  to  have  maintained  substantial  populations 
throughout  HP-4.  Yellow  birch  appeared  in  the  watershed 
6000  yr  B.P 

Zone  HP-5.  Hemlock  macrofossils  disappear  from  the  record 
above  the  hemlock  decline.  White  pine  needles  occur  above  the 
hemlock  decline,  but  are  absent  after  3800  yr  B.P.  Fir  macro- 


NUMBER  OF  SPEC  I ME  NS/IOOcm  SEDIMENT 


[^GYTTJA  Q SAND  CLAY 

Figure  9.  Woody  plant  macrofossil  concentration  diagram  for  Upper  Wallface  Pond  Macrofossil  Core. 
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fossils  are  present  in  large  numbers  throughout  the  zone,  and 
spruce  and  paper  birch  are  represented  in  most  samples.  Yel- 
low birch  fruits  occur  at  a few  levels. 

Vegetation  near  the  lake  after  the  hemlock  decline  is  tenta- 
tively interpreted  as  fir-dominated  forest  with  paper  birch,  yel- 
low birch,  and  spruce  also  present.  White  pine  occurred  locally 
from  4800  to  3800  yr  B.P. 

Zone  HP-6.  Concentrations  of  spruce  needles,  sterigmata, 
and  seeds  increase  substantially  at  the  HP-5/HP-6  boundary, 
indicating  a major  local  population  increase  2000  yr  B.P.  Fir 
needles  continue  in  large  numbers,  while  paper  birch  and  Bet- 
ulaceae  fruits  become  comparatively  rare.  Yellow  birch  fruits 
occur  at  two  levels,  the  youngest  estimated  to  be  1000  yr  B.P. 

The  modern  spruce-fir-paper  birch  forest  at  Upper  Wallface 
Pond  was  established  during  the  past  2000  yr. 

Elk  Pass  Bog  (1024  m) 

Zone  HP-2.  Macrofossils  occur  in  large  numbers  only  in  the 
top  sample  (Fig.  10).  The  macrofossil  assemblage  is  consistent 
with  an  interpretation  of  open  spruce-dominated  woodland. 

Zone  HP-3.  Spruce  macrofossils  are  extremely  abundant  at 
the  base  of  HP-3,  although  pollen  percentages  are  low  ( <4%) 
(Jackson,  1983).  Spruce  macrofossil  concentrations  decrease 
sharply  a few  cm  above  the  base  of  the  zone  (Fig.  10).  Green 
alder  fruits  are  abundant  in  the  lower  part  of  HP-3,  and  they 
decline  gradually  after  the  spruce-needle  decline.  Alder  pollen 
percentages  are  > 30%  at  the  base  of  HP-3,  but  they  decline  to 
<5%  at  7 m depth  (Whitehead  and  Jackson,  unpublished 
data).  Fir  needles  and  paper  birch  fruits  occur  in  low  numbers 
in  basal  HP-3  sediments,  but  they  increase  rapidly  when 
spruce  macrofossils  decline. 

At  Elk  Pass,  spruce  populations  declined  -9700  yr  B.P 
Green  alder  abundance  increased  at  this  time,  but  it  decreased 
substantially  by  9000  yr  B.P.  Fir  and  paper  birch  became 
abundant  during  the  spruce  and  alder  declines  and  were 
joined  by  white  pine  by  9000  yr  B.P. 

ELK  PASS  BOG 

WOODY-PLANT  MACROFOSSIL  DIAGRAM 


Zone  HP-4.  Fir  needles  are  abundant  throughout  HP-4. 
Spruce,  white  pine,  paper  birch,  and  hemlock  macrofossils  oc- 
cur in  low  numbers  at  most  levels.  A sugar  maple  samara  oc- 
curs near  the  base  of  the  zone,  and  yellow  birch  macrofossils 
are  present  in  the  upper  2/3  of  the  zone. 

Forests  near  the  basin  ~ 7000  yr  B.P.  consisted  of  white  pine, 
hemlock,  fir,  spruce,  and  paper  birch.  These  taxa  persisted 
throughout  HP-4.  Fir  was  evidently  abundant,  while  spruce 
was  rare.  Sugar  maple  occurred  at  ~ 7000  yr  B.P.  Paper  birch 
was  probably  less  abundant  than  during  HP-3.  Alder  and  tam- 
arack were  absent  or  rare.  Yellow  birch  occurred  near  the  pond 
after  6000  yr  B.P. 

Substantial  areas  of  peatland  surface  developed  in  the  basin 
during  HP-4,  but  they  were  distant  from  the  coring  site  (Jack- 
son,  1983). 

Zone  HP-5.  A few  hemlock  needles  occur  just  above  the  HP4/ 
HP-5  boundary.  Hemlock  macrofossils  are  absent  from  the  rest 
of  HP-5.  Hemlock  populations  evidently  persisted  locally  fol- 
lowing the  decline  but  soon  became  extinct.  Fir,  spruce,  white 
pine,  paper  birch,  and  yellow  birch  were  present  at  Elk  Pass 
throughout  HP-5.  Forests  were  probably  dominated  by  fir. 

Concentrations  of  spruce  and  fir  macrofossils  increase  sub- 
stantially at  the  top  of  HP-5,  which  suggests  that  these  taxa 
became  more  abundant.  However,  the  margin  of  the  peat  mat 
extended  to  very  near  the  coring  site  at  this  time  (Jackson, 
1983),  which  may  have  changed  the  depositional  regime. 

Zone  HP-6.  The  top  meter  of  sediment  at  the  coring  site  was 
not  analyzed  for  macrofossils  because  it  consisted  entirely  of 
Sphagnum-seAge  peat.  I examined  macrofossils  from  fibrous, 
peaty  gyttja  at  the  base  of  HP-6.  Spruce  and  fir  macrofossils 
are  abundant.  Tamarack,  white  pine,  paper  birch,  and  yellow 
birch  occur  in  low  numbers.  White  pine  and  yellow  birch  evi- 
dently persisted  at  Elk  Pass  at  least  until  1800  yr  B.P.  Al- 
though the  increase  in  spruce  macrofossils  near  the  HP-5/HP-6 
boundary  may  be  exaggerated  by  changes  in  deposition  re- 
gime, it  is  consistent  with  a local  increase  in  spruce  abundance 
at  2000  yr  B.P. 
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Figure  10.  Woody  plant  macrofossil  concentration  diagram  for  Elk  Pass  Bog.  Dots  represent  single  occurrences. 
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Lake  Arnold  (1150  m) 

The  base  of  the  Lake  Arnold  Macrofossil  Core  is  in  the  mid- 
dle to  upper  part  of  HP-3.  The  lower  1.2  m of  the  Pollen  Core 
were  examined  for  macrofossils;  all  of  HP-1  and  HP-2  and  all 
but  the  top  20  cm  of  HP-3  were  included  in  this  section  of  the 
core. 

Zone  HP-2.  Spruce  macrofossils  are  present  throughout  HP-2 
(Fig.  11).  Dryas  integrifolia  leaves  occur  in  the  lower  part  of  the 
zone.  Local  vegetation  is  interpreted  as  open  spruce- 
dominated  woodland.  Fir  became  established  at  Lake  Arnold 
at  - 10,700  yr  B.P 

Zone  HP-3.  The  decline  of  herb  pollen  (Whitehead  and  Jack- 
son,  1989)  and  the  near-disappearance  of  macrofossils  of  herbs 
(Jackson,  1983)  indicate  that  vegetation  at  Lake  Arnold  be- 
came more  closed  at  ~ 10,000  yr  B.P.  At  the  same  time,  alder 
pollen  percentages  increase  sharply  to  high  levels  (Whitehead 
and  Jackson,  1988).  Concentrations  of  spruce  and  fir  macrofos- 
sils increase  gi-eatly  at  the  HP-2/HP-3  boundary;  paper  birch 
and  green  alder  fruits  appear  for  the  first  time  in  large  num- 
bers. Spruce  and  alder  macrofossil  concentrations,  however, 
soon  decline  to  low  levels,  while  fir  and  paper  birch  increase  to 
very  high  levels,  which  are  sustained  through  the  rest  of  HP-3 
(Figs.  11,  12).  Tamarack  needles  occur  at  the  base  of  the  zone, 
coinciding  with  a pollen  maximum  (Whitehead  and  Jackson, 
1989).  White  pine  needles  are  present  in  the  upper  part  of  the 
zone. 

Vegetation  at  Lake  Arnold  at  9700  yr  B.P.  was  a closed  forest 
dominated  by  spruce,  fir,  and  paper  birch.  Green  alder  was  also 
present  in  large  numbers.  Tamarack  occurred  locally.  Within 
500  yr  spruce  and  alder  populations  declined  to  low  levels.  For- 
ests of  fir  and  paper  birch  occupied  the  watershed  for  the  rest  of 
HP-3.  White  pine  occurred  near  the  site  after  8000  yr  B.P. 

Zone  HP-4.  Local  vegetation  from  7000  to  4800  yr  B.P.  ap- 
pears to  have  been  little  different  from  that  prevailing  at  the 
end  of  HP-3.  Fir  needles  and  paper  birch  fruits  dominate  the 
macrofossil  assemblages,  indicating  that  vegetation  was  fir- 

LAKE  ARNOLD  POLLEN  CORE 


paper  birch  forest.  Spruce  and  white  pine  occurred  locally. 
White  pine  disappeared  from  the  record  late  in  the  interval 
( -5400  yr  B.P).  Hemlock  was  locally  present  after  -5800  yr 
B.P.;  yellow  birch  occurred  after  -5600  yr  B.P.  Neither  hem- 
lock nor  yellow  birch  appear  to  have  been  major  components  of 
the  vegetation. 

Zone  HP-5.  Hemlock  macrofossils  are  absent  from  sediments 
above  the  hemlock  decline.  Yellow  birch  disappears  from  the 
record  at  4000  yr  B.P.  Fir  needles  are  abundant  in  the  lower 
part  of  the  zone  but  decline  toward  the  top.  Paper  birch  is  gen- 
erally well-represented,  but  it  is  less  abundant  than  before.  Pa- 
per birch  macrofossils  are  absent  from  many  samples.  Undif- 
ferentiated Betulaceae  fruits  also  decline  in  numbers  through 
HP-5.  Spruce  needles  and  sterigmata  are  rare  in  the  lower  75 
cm  of  the  zone  but  increase  to  high  levels  near  the  top. 

Forests  at  Lake  Arnold  were  dominated  largely  by  fir  for 
2000  yr  following  the  hemlock  decline.  Paper  birch  was  also 
important  but  less  so  than  earlier  in  the  Holocene.  Spruce  was 
present  in  low  numbers.  After  3000  yr  B.P,  spruce  increased  in 
numbers,  and  fir  and  paper  birch  declined.  By  2000  yr  B.P, 
watershed  forests  were  evidently  dominated  by  spruce  and  fir, 
with  paper  birch  locally  important. 

Zone  HP-6.  The  modern  spruce-fir-paper  birch  forest  of  the 
watershed  was  probably  established  by  2000  yr  B.P.  A few  nee- 
dle fragments  of  white  and  red  pine  indicate  that  isolated  indi- 
viduals of  these  species  grew  along  the  lake  margin  within  the 
past  2000  yr. 

Lake  Tear  of  the  Clouds  (1320  m) 

The  abundance  of  coarse  woody  debris  in  Lake  Tear  sedi- 
ments below  1.75  m ( - 5800  yr  B.P.)  (Fig.  13)  suggests  that  in- 
let stream  channels  drained  directly  into  the  lake  without 
passing  through  a wetland.  The  absence  of  extensive  wetland 
is  also  indicated  by  the  relative  rarity  of  macrofossils  of  wet- 
land plants  and  the  near-absence  of  Sphagnum  leaves  and 
stems  below  1.75  m (Jackson,  1983).  Because  of  the  active 


WOODY-PLANT  MACROFOSSIL  DIAGRAM  .. 


Figure  11.  Woody  plant  macrofossil  concentration  diagram  for  basal  portion  of  Lake  Arnold  Pollen  Core. 


18 


GYTTJA 


Figure  12. 


NUMBER  OF  SPECIMENS /lOO  cm"  SEDIMENT 


Woody  plant  macrofossil  concentration  diagram  for  Lake  Arnold  Macrofossil  Core. 


stream  input,  macrofossils  below  1.75  m probably  represent 
plants  growing  both  some  distance  from  the  lake  and  near  the 
shore.  Above  1.75  m,  woody  detritus  becomes  less  common, 
while  Carex,  other  Cyperaceae,  and  Viola  macrofossils  and 
Sphagnum  fragments  become  more  abundant  (Jackson,  1983). 
Cyperaceae  stems  are  also  frequent  above  1.75  m.  These 
changes  record  the  development  of  peat  mat  near  the  mouths 
of  the  inlet  streams.  The  source  area  for  macrofossils  probably 
became  more  local  at  this  time. 

Sand  grains  are  abundant  above  the  HP-4/HP-5  boundary  at 
0.90  m,  and  the  sediment  accumulation  rate  at  Lake  Tear  de- 
creases substantially  at  0.90  m (Fig.  13).  This  may  represent 
increased  sorting  of  sediments  in  the  lake.  Continued  accumu- 
lation of  sediments  and  encroachment  of  the  peat  mat  would 
have  decreased  the  volume  of  the  basin.  Consequently,  water 
retention  time  would  be  reduced,  and  finer  and  more-buoyant 
particles  would  have  an  increased  probability  of  passing 
through  the  outlet  before  becoming  trapped  in  sediments.  This 
would  have  concentrated  coarser  material  in  sediments  and 
reduced  the  rate  of  accumulation  of  fine  organic  particles.  The 
sorting  effect  may  account  for  the  rarity  of  paper  birch  and 
other  Betulaceae  fruits  in  the  younger  sediments  (Fig.  13).  Al- 
ternatively, the  sand  accumulation  may  represent  runoff  or 
erosional  events  in  the  vicinity  of  the  pond. 

Zone  HP-3.  The  macrofossil  data  confirm  pollen  evidence 
that  substantial  populations  of  spruce  and  alder  persisted 
near  Lake  Tear  for  1000-1500  yr  after  the  regional  decline  of 
these  taxa  (Whitehead  and  Jackson,  1989).  Spruce  needles  and 
sterigmata  and  green  alder  fi-uits  Eire  consistently  present  in 
the  lower  part  of  HP-3,  usually  in  large  numbers  (Fig.  13). 


Fir  and  paper  birch  were  present  at  the  beginning  of  HP-3. 
Macrofossil  concentrations  of  these  taxa  are  initially  low  but 
increase  toward  the  top  of  HP-3.  Populations  of  fir  and  paper 
birch  may  have  been  small  while  spruce  and  alder  were  still 
abundant.  Tamarack  occurred  in  the  watershed  during  at 
least  part  of  HP-3.  Alder,  tamarack,  and  spruce  may  have  been 
locally  abundant  on  flat,  poorly  drained  areas  along  the  inlet 
streams. 

Spruce,  alder,  and  paper  birch  macrofossils  decrease  in  num- 
ber toward  the  top  of  HP-3.  Pollen  percentages  of  these  taxa 
also  decrease  late  in  HP-3.  Vegetation  near  Lake  Tear  after 
8000  yr  B.P.  was  largely  dominated  by  fir. 

White  pine  needle  fragments  occur  at  a few  levels  dated  be- 
tween 7000  and  8000  yr  B.P.  These  specimens  may  represent 
local  white  pine  individuals.  However,  most  of  the  needle  frag- 
ments are  charred,  suggesting  that  they  could  have  been 
transported  to  the  lake  by  updrafts  during  forest  fires  at  lower 
elevations. 

Zone  HP-4.  Fir  needles  are  abundant  throughout  the  zone; 
spruce  and  alder  macrofossils  are  rare.  Paper  birch  fruits  occur 
at  most  levels  but  in  smaller  numbers  than  in  HP-3.  Vegeta- 
tion near  Lake  Tear  was  fir-dominated  forest  throughout  HP-4. 
Spruce  and  paper  birch  occurred  locally. 

Zone  HP-5.  The  HP-5  record  from  Lake  Tear  is  difficult  to 
interpret  because  of  the  change  in  deposition  regime  near  the 
HP-4/HP-5  boundary  and  a hiatus  in  the  core  near  the  HP-5/ 
HP-6  transition.  Fir  appears  to  have  been  the  major  component 
of  vegetation.  Spruce  and  paper  birch  were  also  present. 
Spruce  appears  to  have  been  more  common  than  during  HP-4. 
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Zone  HP-6.  Spruce  and  fir  macrofossils  are  present  at  all  lev- 
els; fir  needles  are  abundant.  Paper  birch  fruits  occur  occasion- 
ally. Vegetation  throughout  the  interval  was  evidently  similar 
to  that  near  the  pond  today;  subalpine  fir  forest  with  occa- 


sional spruce  and  paper  birch.  Spruce  needles  occur  in  the 
same  concentrations  as  in  HP-5  sediments.  Spruce  populations 
do  not  appear  to  have  increased  during  the  HP-5/HP-6  transi- 
tion. 
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Figure  13.  Woody  plant  macrofossil  concentration  diagram  for  Lake  Tear  of  the  Clouds.  Scale  has  been  reduced  for  A 6ies  needles, 
Betula  papyrifera  fruits,  and  Betulaceae  fruits. 


CHRONOLOGY  OF  POST-GLACIAL  IMMIGRATIONS 


Both  the  macrofossil  and  pollen  records  provide  minimum 
arrival  dates  for  various  tree  and  shrub  taxa  in  the  High  Peaks 
(Tables  4,  5).  The  dates  were  estimated  from  the  earliest  occur- 
rences of  macrofossils  at  the  study  sites  and  from  critical  pol- 
len percentages  cited  by  Davis  and  Jacobson  (1985).  In  most 
cases  the  arrival  time  indicated  by  macrofossil  occurrence  is 
500-1000  yr  younger  than  that  inferred  from  pollen  data, 
which  is  not  unexpected  inasmuch  as  macrofossils  are  proba- 
bly less  effective  at  registering  small  colonizing  populations 
than  pollen.  However,  the  closest  correspondences  between  the 
two  methods  of  estimation  are  for  taxa  with  relatively  high 
pollen  threshold  values  (spruce,  birch,  white  pine).  The  re- 
maining pollen  taxa  (tamarack,  fir,  aspen,  hemlock)  have  pol- 
len threshold  percentages  of  1.5  or  less  (Table  5).  Such  low  per- 
centages (from  pollen  sums  of  200-1000  grains)  are  subject  to 
sampling  error  and,  as  noted  by  Davis  and  Jacobson  (1985), 
must  be  applied  with  caution.  In  the  case  of  tamarack  macro- 
fossils indicate  its  presence  in  the  High  Peaks  500-1000  yr  be- 
fore tamarack  pollen  grains  appear  in  sediments  (Tables  4,  5). 
Tamarack  is  highly  underrepresented  in  pollen  assemblages 
(Webb  et  al.,  1981;  Jackson,  1988). 

The  pollen  and  macrofossil  data  show  that  dwarf  birch  and 
spruce  were  among  the  first  woody  taxa  to  arrive  (before 
12,000  yr  B.P.).  Other  boreal  taxa  (tamarack,  fir,  green  alder, 
paper  birch)  arrived  by  10,000  yr  B.P.  Mixed-forest  and  hard- 


woods taxa  (white  and  red  pine,  hemlock,  yellow  birch,  white- 
cedar)  arrived  after  9000  yr  B.P. 

The  macrofossil  arrival  times  for  green  alder  and  jack  pine 
(Table  4)  are  undoubtedly  underestimates.  Pollen  data  indi- 
cate that  alder  was  present  in  the  region  by  10,500  yr  B.P.,  500 
yr  before  the  first  macrofossil  occurrence.  Pollen  of  Pinus  Subg. 
Pinus  never  exceeds  10%,  the  threshold  for  local  occurrence 
cited  by  Davis  and  Jacobson  (1985),  at  any  of  the  High  Peaks 
sites  (Whitehead  and  Jackson,  1989).  However,  a distinct  max- 
imum at  ~ 10,000  yr  B.P.  probably  records  regional  immigra- 
tion of  jack  pine  (Whitehead  and  Jackson,  1989).  The  absence 
of  jack  pine  needles  older  than  8500  yr  B.P.  probably  results 
from  absence  of  large  local  populations. 

The  earliest  occurrence  of  white  cedar  macrofossils  is  in 
Zone  HP-5  ( ~2700yr  B.P.)  of  Elk  Pass  Bog  (Table  5 in  Jackson, 
1983).  Foliage  and  seeds  are  abundant  at  Livingston  Pond  af- 
ter 2000  yr  B.R,  but  totally  absent  before  that  time  (Fig.  8; 
Table  10  in  Jackson,  1983).  White  cedar  is  well-represented  by 
seeds  and  foliage  in  surface-sedimept  macrofossil  assemblages 
from  Heart  Lake  and  Livingston  Pond,  suggesting  that  its  ab- 
sence from  the  macrofossil  record  before  2700  yr  B.P.  repre- 
sents absence  from  the  local  vegetation.  Warner  (1982)  cites 
undocumented  sources  suggesting  that  white  cedar  grew  in 
southeastern  Quebec  during  the  Champlain  Sea  episode 
(>10,000  yr  B.P.).  If  white  cedar  populations  were  indeed 
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present  in  the  St.  Lawrence  lowlands  before  10,000  yr  B.P.  the 
species  would  presumably  have  been  able  to  colonize  the 
Adirondacks  during  the  late-glacial  or  early  Holocene.  Ab- 
sence of  white  cedar  from  the  High  Peaks  sites  before  the  late 


Holocene  may  have  resulted  from  unsuitable  local  environ- 
ments rather  than  from  delayed  immigration.  Investigations 
of  sites  at  lower  elevations  in  the  Adirondacks  and  adjacent 
regions  are  necessary  to  resolve  the  question. 


TABLE  4.  Minimum  arrival  times  of  tree  and  shrub  taxa  in  the  High  Peaks  region,  based  on  earliest  macrofossil  occurrences.  Site 
abbreviations  are  the  same  as  in  Fig.  2.  HL  I and  HL  II  refer  to  Heart  Lake  Macrofossil  Cores  I and  II,  respectively. 


Taxon 

Arrival  Time 
(yr  B.P.) 

Site(s)  of  Earliest 

Occurrence 

Betula  glandulosa 

>12,000 

HL  II 

Picea  sp. 

>12,000 

HL  II 

Picea  glauca 

11,400  >12,000?) 

HLII 

Larix  laricina 

11,000 

HL  II,  LA 

Abies  balsamea 

10,500(11,500?) 

HL  II,LA(HLI) 

Alnus  crispa 

10,000 

EPB 

Populus  tremuloidesl 
grandidentata 

10,000 

HL  I,  UWP 

Betula  papyrifera 

10,000 

HLI,HL  II,  LP 

Pinus  strobus 

9000 

HL  I,  HL  II,  LP,  UWP,  EPB 

Taxus  canadensis 

8800 

LP,  EPB,  LA 

Pinus  banksiana 

8500 

HL  II 

Pinus  resinosa 

8000 

HLII 

Tsuga  canadensis 

7400(9500?) 

HL  II,LP(HLI) 

Betula  lutea 

6000 

HL  I,  HL  II,  LP,  UWP,  EPB 

Thuja  occidentalis 

2700 

EPB 

TABLE  5.  Estimated  arrival  times  of  selected  tree  taxa  in  the 
High  Peaks  region,  based  on  pollen  data  of  Whitehead  and 
Jackson  (1989).  Numbers  in  parentheses  are  threshold  pollen 
percentages  assumed  to  indicate  local  presence  of  the  respec- 
tive taxon  (Davis  and  Jacobson,  1985).  HL  and  UWP  refer  to 
Heart  Lake  and  Upper  Wallface  Pond,  respectively. 


Taxon 

Arrival  Time  (yr  B.P.) 

Picea  (20%) 

12,000  (HL);  13,000  (UWP) 

Larix  (0.4) 

10,000  (HL);  10,500  (UWP) 

Abies  (0.2) 

11,800  (HL);  >12,000  (UWP) 

Populus  (0.2) 

10,500  (HL);  11,000  (UWP) 

Betula  (10) 

10,250  (HL);  10,500  (UWP) 

Pinus  strobus  (20) 

9000  (HL);  8000  (UWP) 

Tsuga  (1.5) 

8000  (HL  & UWP) 
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VEGETATION  PATTERNS  ALONG  THE  ELEVATIONAL  GRADIENT 


The  Alder  Maximum  and  Spruce  Decline 

Vegetation  along  the  elevational  gradient  between  Heart 
Lake  and  Lake  Arnold  from  12,000  to  10,500  yr  B.P.  consisted 
of  open  spruce  woodland/parkland,  with  white  spruce  proba- 
bly dominant.  The  pollen  and  macrofossil  data  provide  no  clear 
indication  that  vegetation  varied  substantially  along  the  gra- 
dient. 

The  spruce  decline  and  alder  maximum  (10,500  to  9500  yr 
B.P. ) show  elevational  patterns.  Spruce  macrofossil  concentra- 
tions at  Elk  Pass  Bog  and  Lake  Arnold  did  not  decrease  until 
500-1000  yr  after  the  spruce  pollen  decline.  In  fact,  spruce 
needle  concentrations  increased  during  the  spruce  pollen  de- 
cline. Spear  (1981)  reports  similar  patterns  at  sites  > 1000  m 
elevation  in  the  White  Mountains.  The  decline  of  high- 
elevation  spruce  populations  in  the  Northeast  may  have  been 
significantly  delayed  I’elative  to  the  spruce  decline  at  low  and 
mid-elevations.  However,  the  spruce  needle  maximum  at  the 
high-elevation  sites  in  both  the  Adirondack  and  White  Moun- 
tains is  associated  with  a change  in  sediment  lithology  from 
inorganic  sands  and  clays  to  gyttja  (Figs.  10,  11,  13)  (Spear, 
1981 ).  The  spruce  needle  increase  at  these  sites  may  be  an  arti- 
fact of  changing  deposition  regimes  (see  Spicer  1980,  1981). 
However,  the  spruce  needle  declines  all  occur  within  gyttja  and 
hence  probably  represent  declines  in  spruce  abundance  near 
the  ponds. 

Alder  pollen  percentages  increased  with  elevation  during 
the  alder  maximum  (Whitehead  and  Jackson,  1989).  The  alder 
pollen  maximum  persisted  longer  at  higher  elevations  (500  yr 
longer  at  Upper  Wallface  Pond  and  Lake  Arnold;  1500  yr 
longer  at  Lake  Tear).  Similar  elevational  trends  also  occurred 
in  the  White  Mountains  (Spear,  1981).  Alder  macrofossils  were 
abundant  only  at  the  three  highest  sites  in  the  High  Peaks, 
with  maximum  abundance  just  above  the  HP-2/HP-3  transi- 
tion (9700  yr  B.P).  Alder  macrofossils  at  all  High  Peaks  sites 
were  restricted  to  sediments  younger  than  10,000  yr  B.P,  ap- 
pearing 500  yr  after  the  pollen  maximum. 

A critical  remaining  question  concerns  whether  the  alder 
population  increase  was  synchronous  or  time-transgi'essive 
along  the  elevational  gi’adient.  The  pollen  data  are  compatible 
with  either  interpretation.  The  initial  rise  in  alder  pollen  per- 
centages at  high-elevation  sites  could  have  resulted  solely 
from  a population  expansion  at  lower  elevations.  Unfortu- 
nately, application  of  the  macrofossil  record  to  this  pi’oblem  is 
confounded  by  late-glacial  changes  in  deposition  regime.  The 
first  occuri'ence  of  alder  macrofossils  is  accompanied  at  all 
sites  except  Livingston  Pond  by  a shift  from  mineral  to  organic 
sediments.  The  absence  of  alder  macrofossils  before  10,000  yr 
B.P.  could  result  either  from  absence  of  local  populations  or 
from  depositional  bias  against  alder. 

Alder  pollen  percentages  do  not  exceed  3-4%  between  10,500 
and  9500  yr  B.P.  at  a site  in  the  central  Adirondacks  (Over- 
peck, 1985),  where  the  land  surface  is  mostly  below  650  m.  The 
source  populations  for  the  High  Peaks  alder  pollen  maximum 
must  have  been  within  the  elevational  range  covered  in  the 
present  study,  despite  the  absence  of  alder  macrofossils  from 
sediments  of  the  early  part  of  the  maximum. 


Three  hypotheses  may  explain  the  open  structure  of  the  late- 
glacial  spruce  woodlands  in  the  High  Peaks:  1)  climatic  limita- 
tion on  tree  growth,  2)  soil  instability,  and  3)  soil-nitrogen  defi- 
ciency. 

The  first  two  hypotheses  are  consistent  with  the  available 
data  and  cannot  be  separated  definitively.  Cold  climate  may  in 
fact  have  contributed  to  soil  instability.  The  occurrence  of  such 
arctic-alpine  species  as  Dryas  integrifolia,  Betula  glandulosa- 
type,  and  Vaccinium  uliginosum  is  consistent  with  both  hy- 
potheses; all  these  can  grow  in  suitable  exposed  mineral  soils 
under  climatic  regimes  capable  of  supporting  closed  boreal  for- 
ests (Damman,  1976;  van  Cleve  and  Viereck,  1981). 

The  nitrogen-deficiency  hypothesis,  suggested  by  the 
nitrogen-fixing  capacity  of  green  alder  (Dalton  and  Naylor, 
1975;  Binkley,  1982),  can  be  eliminated  on  grounds  of  parsi- 
mony. The  transition  from  open  spruce  woodland  to  closed 
mixed  forest  is  accompanied  by  a brief  alder  maximum  in 
other  mountainous  regions  of  eastern  North  America  (Richard 
and  Poulin,  1976;  Mott,  1977;  Whitehead,  1979;  Davis  et  ai, 
1980;  Spear,  1981),  but  the  maximum  is  not  synchronous  from 
region  to  region.  However,  at  other  northeastern  sites,  espe- 
cially at  low  elevations,  spruce  woodland  gives  way  directly  to 
closed  forest  with  no  intervening  alder  peak  (Mott,  1977;  Rich- 
ard, 1977).  Retention  of  the  nitrogen-deficiency  hypothesis  for 
the  High  Peaks  would  thus  require  that  the  existence  of  open 
spruce  woodlands  be  explained  by  nitrogen  deficiency  at  high 
elevations  and  by  other  factors  (presumably  climate)  at  lower 
elevations. 

The  late-glacial  spruce  decline  was  probably  a response  to 
climatic  change.  Simple  competitive  displacement  of  spruce  by 
gi’een  alder  is  improbable  in  view  of  the  life-history  attributes 
of  these  taxa  (Powells,  1965;  Gilbert  and  Payette,  1982). 

Composition  of  Early  Holocene  Forests 

Forests  at  low  elevations  ( < 1100  m)  during  the  early  Holo- 
cene (9700  - 7000  yr  B.P.)  were  dominated  by  fir,  paper  birch, 
and  white  pine,  with  spruce,  aspen,  and  tamarack  present  in 
significant  numbers  before  9000  yr  B.P.  (Figs.  5, 6, 7, 8).  With 
the  exception  of  spruce  all  are  abundant  in  the  High  Peaks 
today  only  in  restricted  settings  such  as  high  elevations  (fir, 
paper  birch),  disturbed  sites  (fir,  paper  birch,  white  pine,  as- 
pen), poorly  drained  sites  (tamarack,  fir),  or  very  dry  soils 
(white  pine).  White  spruce  is  restricted  to  a few  small  popula- 
tions at  low  elevations  in  the  High  Peaks.  Black  spruce  is  com- 
mon in  poorly  drained  low-elevation  sites,  and  red  spruce  is 
abundant  at  high  elevations  and  locally  common  at  low  eleva- 
tion. Forests  similar  in  composition  to  those  of  the  early  Holo- 
cene are  rare  in  the  Adirondacks  today,  occurring  only  on  re- 
cently disturbed  sites. 

Fir,  paper  birch,  white  pine,  spruce,  aspen,  and  tamarack  de- 
clined in  abundance  at  Heart  Lake  and  Livingston  Pond  be- 
tween 8000  and  6000  yr  B.P.  Paper  birch  also  declined  at  Elk 
Pass  Bog  during  this  interval.  These  events  coincide  with  the 
arrival  and  establishment  of  hemlock  and  northern  hard- 
woods at  low-elevation  sites  ( <900-1100  m). 

The  unique  early  Holocene  forest  composition  along  the  gi’a- 
dient can  potentially  be  explained  by  two  contrasting  hypothe- 
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ses:  dispersal  lag  and  unique  climate  (Davis,  1981b;  Prentice, 
1983).  The  dispersal-lag  hypothesis  holds  that  hemlock  and 
northern  hardwoods  had  not  yet  immigrated  to  the  region,  al- 
though they  were  capable  of  living  there  under  the  prevailing 
climatic  conditions.  The  alternative  hypothesis  states  that  the 
unique  character  of  early  Holocene  forests  reflects  unique 
early  Holocene  climatic  conditions.  The  two  hypotheses  are 
not  mutually  exclusive  (Prentice,  1986;  Webb,  1986)  and  can- 
not be  separated  with  available  data.  Detailed  pollen  and  mac- 
rofossil studies  of  sites  below  660  m would  be  useful  in  separat- 
ing them. 

Elevational  Range  Shifts  and  Climatic  Change 

Elevational  ranges  of  several  tree  species  shifted  substan- 
tially during  the  Holocene.  The  occurrence  of  yellow  birch, 
hemlock,  and  white  pine  at  Lake  Arnold  during  the  early  to 
mid-Holocene  represent  minimum  range  expansions  of  150, 
200,  and  300  m,  respectively,  above  modern  elevational  limits 
(Fig.  14).  Elk  Pass  Bog,  where  sugar  maple  occurred  ~ 7000  yr 
B.P.,  is  > 150  m above  the  current  maximum  elevation  of  sugar 
maple. 

The  best  explanation  for  these  range  extensions  and  subse- 
quent contractions  is  climatic  change.  Soils  along  the  entire 
elevational  gradient  were  stabilized  and  acidic  before  9000  yr 
B.P.  and  have  undergone  little  change  since  (Whitehead  et  al., 
1986).  Absence  of  competition  from  other  trees  is  unlikely. 
White  pine,  hemlock,  and  yellow  birch  established  populations 
in  high-elevation  forests  already  dominated  by  fir  and  paper 
birch.  Range  contractions  began  > 2000  yr  before  the  late  Hol- 
ocene increase  of  high-elevation  spruce  populations  (although 
spruce  may  have  played  a role  in  the  final  elimination  of  these 
species  at  some  sites). 

The  magnitude  of  the  change  in  temperature  required  to  al- 
low growth  of  white  pine,  hemlock,  and  yellow  birch  at  Lake 
Arnold  can  be  estimated  by  making  the  following  assump- 
tions: 1)  the  species  were  at  or  near  their  absolute  upper  limits 
at  Lake  Arnold;  2)  the  temperature  lapse  rate  has  remained 
constant  since  9000  yr  B.P;  3)  interrelations  among  tempera- 
ture, precipitation,  net  radiative  heating,  cloud  cover,  and 
other  climatic  variables  along  the  gradient  have  remained 
constant;  4)  the  influence  of  these  climatic  factors  on  the  alti- 
tudinal limits  of  the  three  species  has  remained  constant;  and 
5)  the  lapse  rate  for  Whiteface  Mountain  (Kudish,  1975)  is  rep- 
resentative of  the  High  Peaks.  It  follows  that  the  occurrence  of 
hemlock  at  Lake  Arnold  indicates  mean  annual  temperatures 
~ 1°C  higher  than  today.  White  pine  indicates  a temperature 
increase  of  ~ 1.6°C.  If  the  above  assumptions  hold  for  precipi- 
tation, the  presence  of  hemlock  and  white  pine  at  Lake  Arnold 
respectively  imply  annual  precipitation  ~ 6.6  cm  and  ~ 10  cm 
lower  than  today. 

The  temperature  estimates  are  comparable  to  those  made  by 
Davis  et  al.  (1980),  who  suggested  a 2°C  increase  in  mean  an- 
nual temperature  to  account  for  early-mid-Holocene  range  ex- 
tensions of  white  pine  and  hemlock  in  the  White  Mountains  of 
New  Hampshire.  Precipitation  lapse  rates  are  much  steeper  in 
the  White  Mountains  than  in  the  Adirondacks,  and  hence 
much  greater  changes  in  precipitation  ( ~ 40  cm)  are  estimated 
from  the  analysis  for  the  White  Mountains  (Davis  et  al.,  1980). 
My  estimate  of  the  difference  between  present-day  and  early- 
mid-Holocene  temperatures  in  the  High  Peaks  is  consistent 


with  the  temperature  difference  of  — 1°C  at  6000  yr  B.P  in- 
ferred for  the  Northeast  by  Bartlein  and  Webb  (1985)  from  re- 
gional pollen  data. 

The  paleoclimate  estimates  from  the  High  Peaks  macrofossil 
data  are  crude.  Unfortunately,  a more  precise  reconstruction  of 
Holocene  climate  is  not  possible.  Macrofossil  occurrence  does 
not  always  provide  evidence  of  the  abundance,  age,  or  size  of 
the  source  plants  near  the  site.  It  is  therefore  necessary  to  use 
the  modern  absolute  upper  limit  of  the  species  for  paleocli- 
matic  interpretation,  which  may  underestimate  the  magni- 
tude of  climatic  changes. 

Second,  the  assumption  that  climatic  lapse  rates  have  re- 
mained constant  during  the  Holocene  is  open  to  question 
(Davis  et  al.,  1980).  Unique  combinations  of  temperature,  pre- 
cipitation, cloud  cover,  net  radiation,  and  other  variables  may 
have  occurred  along  the  gradient  in  the  past. 

Finally,  information  on  the  causal  relationships  responsible 
for  modern  elevational  distributions  of  tree  species  is  inade- 
quate. Botkin  et  al.  (1972)  have  demonstrated  that  the  influ- 
ence of  growing-degree  days  on  photosynthetic  rates,  mediated 
by  interspecific  competition,  is  sufficient  to  explain  eleva- 
tional changes  in  modern  forest  composition  in  the  Northeast. 
Their  results  are  consistent  with  field  evidence  (Scott  and  Hol- 
way,  1969;  Bormann  et  al.,  1970;  Siccama,  1974;  Reiners  and 
Lang,  1979).  However,  their  model  has  not  been  rigorously 
tested  against  alternative  hypotheses  (freezing  damage,  rime- 
ice  damage,  winter  desiccation). 

If  number  of  growing-degree  days  is  the  main  climatic  factor 
controlling  upper  elevational  limits  of  northeastern  tree  spe- 
cies the  macrofossil  record  indicates  more  degree-days  in  the 
High  Peaks  during  the  early-  and  mid-Holocene  than  today. 
Higher  growing-season  temperatures  are  implied,  possibly 
along  with  reduced  precipitation  (correlated  with  reduced 
cloud  cover).  These  conditions  prevailed  at  least  as  early  as 
9000  yr  B.P.  (colonization  of  high-elevation  sites  by  white  pine) 
and  lasted  at  least  until  after  6000  yr  B.P.  (establishment  of 
yellow  birch  at  high  elevations). 

The  climate  cooled  between  6000  and  4000  yr  B.P.  White 
pine  and  yellow  birch  disappeared  from  the  Lake  Arnold 
record  at  -5500  and  - 4000  yr  B.P,  respectively.  Hemlock  dis- 
appeared from  all  sites  except  Heart  Lake  following  the  hem- 
lock decline  at  4800  yr  B.P.  Although  hemlock  populations  re- 
covered at  Heart  Lake  and  became  reestablished  at  Livingston 
Pond  at  3500  yr  B.P,  hemlock  did  not  recolonize  any  of  the 
higher  sites,  suggesting  that  climatic  conditions  at  high  eleva- 
tions were  unfavorable  by  then.  Davis  et  al.  (1980)  used  a simi- 
lar line  of  reasoning  to  date  cooling  in  the  White  Mountains. 

More-precise  bracketing  dates  cannot  be  established  for  the 
warm  period  in  the  High  Peaks.  Processes  of  competition  and 
population  dynamics  can  delay  the  response  of  plant  commu- 
nities to  climatic  change  (Smith,  1965;  Watts,  1973;  Davis  et 
al.,  1975;  Davis,  1981b;  Jackson,  1983;  Davis  and  Botkin, 
1985).  Populations  can  respond  to  an  adverse  climatic  change 
in  a variety  of  ways.  For  instance,  if  the  effect  of  a climatic 
change  is  to  cross  a physiological  threshold  beyond  which 
adult  individuals  cannot  survive,  the  response  will  be  rapid: 
local  extinction  via  adult  mortality.  An  example  is  freezing 
damage  associated  with  extreme  winter  temperatures  (Sakai 
and  Weiser,  1973;  Burke  et  al.,  1976).  However,  if  the  climatic 
change  simply  reduces  the  net  replacement  rate  of  the  popula- 
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9000  - 8000  YR  B.P. 


8000  - 7000  YR  B.P. 


7000  - 6000  YR  B.P. 


6000  - 4B00  YR  B.P. 


4800  - 2000  YR  B.P 


2000  - 0 YR  B.P. 


F igure  14.  Holocene  elevational  ranges  of  Pinus  strobus,  Tsuga  canadensis,  and  Betula  lutea  in  the  High  Peaks  region  during  the 
following  time  intervals:  9000-8000  yr  B.P.;  8000-7000  yr  B.P;  7000-6000  yr  B.P;  6000-4800  yr  B.P;  4800-2000  yr  B.P.;  2000-0  yr 
B.P.  Initials  at  left  refer  to  study  sites.  Dots  refer  to  consistent  occurrence  of  a taxon  in  the  macrofossil  record  of  the  respective  sites 
during  the  indicated  time  interval.  Silhouettes  represent  modern  absolute  elevational  ranges  of  the  respective  taxa  in  the  High 
Peaks. 
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tion  (by  reducing  seed  production,  seedling  recruitment,  and/ 
or  seedling  or  sapling  survivorship)  or  only  slightly  increases 
adult  mortality,  the  species  could  persist  at  the  site  for  a num- 
ber of  generations  before  local  extinction  occurred.  In  the  case 
of  long-lived  trees  such  as  white  pine,  hemlock,  and  yellow 
birch,  the  climatic  event  might  not  be  recorded  by  disappear- 
ance from  the  macrofossil  record  for  centuries  or  even 
millenia.  This  scenario  is  plausible  if  growing-degree  days  is 
the  controlling  climatic  factor  (Botkin  et  al.,  1972;  Davis  and 
Botkin,  1985). 

Populations  of  white  pine  and  yellow  birch  persisted  after 
3500  yr  B.P.  at  Livingston  Pond,  Upper  Wallface  Pond,  and  Elk 
Pass  Bog.  Most  of  these  populations  disappeared  only  after  the 
expansion  of  spruce  populations  at  these  sites  2500-2000  yr 
B.P.  Hemlock  also  disappeared  from  Livingston  Pond  at  this 
time.  Competition  from  spruce  probably  played  a significant 
role  in  these  local  extinctions. 

The  High  Peaks  warm  period  (9000  to  at  least  5000-4000  yr 
B.P.)  corresponds  to  the  interval  of  maximum  warmth  (9000  to 
at  least  5000  yr  B.P.)  inferred  by  Davis  et  a/.  (1980)  in  the  White 
Mountains.  The  warm  period  recorded  in  these  two  northeast- 
ern mountain  regions  overlaps  the  warm,  dry  Hypsithermal 
interval  recorded  at  various  sites  in  central  North  America 
(Webb  et  al.,  1983a;  Bartlein  et  al.,  1984;  Bartlein  and  Webb, 

1985) . 

The  Late  Holocene  Spruce  Increase 

Spruce  populations  declined  rapidly  between  10,500  and 
9500  yr  B.P.  at  all  sites  except  Lake  Tear,  where  spruce  re- 
mained abundant  until  8000  yr  B.P.  Spruce  populations  were 
low  from  9500  to  2500  yr  B.P.,  but  they  then  expanded  between 
2500-2000  yr  B.P.  except  at  L.  Tear.  Spruce  expansion  began 
earlier  at  high  elevations  than  at  lower  sites. 

The  spruce  increase  in  the  High  Peaks  and  elsewhere  in  the 
Northeast  (Davis  et  al.,  1980;  Davis,  1983;  Webb  et  al.,  1983b; 
Gaudreau  and  Webb,  1985;  Webb,  1987)  is  best  explained  by  a 
climatic  trend  toward  cooler  and/or  wetter  conditions  after  the 
early-mid-Holocene  (Davis,  1983).  The  precise  nature  of  this 
climatic  change  and  its  timing  are  not  clear.  Three  species  of 
spruce  occur  in  northeastern  North  America.  A complete  un- 
derstanding of  the  spruce  increase  requires  knowledge  of  the 
respective  geographic  distributions  and  ecological  roles  of 
these  species  during  the  Holocene.  Unfortunately,  such  infor- 
mation is  not  yet  forthcoming  from  the  fossil  record.  Pollen- 
morphological  separation  of  spruce  species  is  currently  prob- 
lematic (Davis,  1983).  Macrofossils  usually  do  not  allow 
definitive  species  determinations. 

The  Heart  Lake  macrofossil  record  indicates  that  white 
spruce  was  present  and  possibly  dominant  during  late-glacial 
time.  However,  white  spruce  was  probably  absent  from  all  of 
the  study  sites  after  9000  yr  B.P.  By  that  time  soils  in  the  High 
Peaks  above  660  m had  become  acidified  (Whitehead  et  al., 

1986) .  Native  white  spruce  populations  in  the  Adirondacks 
and  New  England  mountainous  areas  are  today  restricted  to 
base-rich  soils.  Red  spruce  was  probably  the  principal  species 
involved  in  the  late  Holocene  spruce  population  increase  in  the 
High  Peaks,  because  it  is  currently  the  most  abundant  spruce 
in  the  region  and  is  the  principal  contributor  of  spruce  pollen 
and  macrofossils  to  High  Peaks  lake  sediments.  The  critical 
question  remaining  is  whether  the  small  populations  of  spruce 


that  occurred  in  the  High  Peaks  between  9000  and  2500  yr  B.P. 
consisted  of  red  spruce,  black  spruce,  or  both.  Did  the  late  Holo- 
cene increase  in  spruce  pollen  and  macrofossil  abundance 
record  an  expansion  of  established  local  red  spruce  popula- 
tions or  the  immigi’ation  of  red  spruce  into  the  region? 

Both  possibilities  are  consistent  with  a late  Holocene  south- 
ward increase  in  spruce  abundance  to  the  north  of  the 
Adirondacks  in  Quebec  (Webb  et  al.,  1983b).  The  pollen  pat- 
terns in  Quebec  could  represent  a time-transgressive,  south- 
moving  trend  toward  cooler  and/or  moister  climate  or,  alterna- 
tively, a southward  movement  of  red  spruce  from  an 
early-mid-Holocene  population  center  in  response  to  late  Holo- 
cene cooling.  A critical  test  of  these  hypotheses  must  await  un- 
equivocal taxonomic  distinctions  among  spruce  species  in  the 
Holocene  record. 

Development  of  Altitudinal  Zonation 

Vegetation  history  along  the  High  Peaks  elevational  gradi- 
ent reveals  the  transitory  nature  of  vegetation  zonation  pat- 
terns and  plant  communities.  The  forest  communities  of  the 
High  Peaks,  however  distinct  today,  have  not  behaved  as  dis- 
crete units  in  the  past.  The  most  striking  example  is  the  subal- 
pine  spruce-fir-paper  birch  forest  zone,  one  of  the  most  distinc- 
tive communities  in  the  High  Peaks  today.  Before  2000  yr  B.P. 
this  forest  community  did  not  exist.  Low-elevation  forests  of 
hemlock  and  northern  hardwoods  graded  upward  directly  into 
fir-paper  birch  forest,  with  no  intervening  spruce-dominated 
zone.  The  subalpine  spruce-fir-paper  birch  forest  of  the  White 
Mountains  is  also  a recent  feature  (Davis  et  al.,  1980). 

Species  responses  to  Holocene  climatic  changes  have  been 
individualistic.  During  the  early  to  mid-Holocene  warm 
period,  a simple  upward  expansion  of  the  modern  hemlock- 
northern  hardwoods  forest  did  not  occur.  Instead,  the  individ- 
ual species  extended  their  ranges  up  mountain  slopes,  where 
they  mixed  with  fir  and  paper  birch. 

The  early  and  mid-Holocene  forests  dominated  by  fir  and  pa- 
per birch  below  1150  m are  not  directly  comparable  to  the  mod- 
ern subalpine  fir-paper  birch  zone.  The  fir-paper  birch  forests 
of  the  early-mid-Holocene  included  significant  populations  of 
white  pine,  hemlock,  and  yellow  birch.  Furthermore,  these  for- 
ests occurred  at  elevations  well  below  the  modern  subalpine 
fir-paper  birch  zone  under  different  edaphic  and  climatic  con- 
ditions. The  early  and  mid-Holocene  fir-paper  birch  forests  un- 
doubtedly differed  substantially  from  modern  subalpine  fir- 
paper  birch  forests  in  stand  structure,  dynamics,  and  primary 
production. 

The  early  Holocene  low-elevation  forests  have  no  modern 
counterpart  in  the  region  except  possibly  on  recently  dis- 
turbed sites.  Vegetation  zonation  was  indistinct  before  9000  yr 
B.R;  populations  of  spruce  and  green  alder  appear  to  have 
been  larger  at  sites  above  1000  m.  After  the  immigration  of 
white  pine  a more-distinct  zonation  developed,  with  white 
pine  more  abundant  at  lower  elevations  and  fir  and  paper 
birch  increasing  in  abundance  with  elevation.  This  pattern, 
although  probably  climatically  controlled,  is  not  analogous  to 
modern  zonation  patterns  because  fir  and  paper  birch  were 
abundant  at  low  elevations. 

The  arrival  of  hemlock  and  northern  hardwoods  in  the  re- 
gion was  accompanied  by  a slight  shift  in  zonation.  Fir  and 
paper  birch  became  rare  at  lower  elevations  ( < 900  m),  where 
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forests  dominated  by  hemlock  and  northern  hardwoods  devel- 
oped. Forests  dominated  by  fir  and  paper  birch  were  subse- 
quently restricted  to  sites  above  900  m.  Fir-paper  birch  forests 
were  temporarily  reestablished  at  Livingston  Pond  (850  m)  fol- 
lowing the  hemlock  decline,  although  yellow  birch  was  also 


abundant  there.  The  modern  zonation  appeared  ~ 2000  yr  B.P. 
with  the  development  of  the  spruce-fir-paper  birch  zone  and 
the  final  disappearance  of  high-elevation  populations  of  white 
pine,  hemlock,  and  yellow  birch. 


CONCLUSIONS 


The  dynamic  nature  of  High  Peaks  vegetation  is  clearly  evi- 
dent at  different  spatial  scales.  At  the  regional  scale  floristic 
composition  has  undergone  considerable  change  since  deglaci- 
ation. This  change  was  particularly  rapid  during  the  late- 
glacial  and  early  Holocene  with  the  sequential  immigrations 
of  forest  species.  The  post-glacial  history  of  the  High  Peaks  ar- 
boreal flora  appears  to  have  been  characterized  by  net  accre- 
tion of  species.  Jack  pine  is  the  only  tree  in  the  fossil  record 
that  does  not  occur  in  the  High  Peaks  today.  At  least  two  late- 
glacial  herbs,  Dryas  integrifolia  and  Selaginella  selaginoides, 
are  also  absent  from  the  region.  The  ultimate  driving  force  for 
regional  immigrations  and  extinctions  was  climatic  change, 
but  its  effects  were  mediated  at  the  local  level  by  population 
interactions,  disturbances,  and  edaphic  changes. 

At  the  subregional  scale  vegetational  dynamism  is  evident 
in  both  elevational  zonation  patterns  and  habitat  distribu- 
tions (elevational,  edaphic,  disturbance)  of  individual  species. 
Zonation  patterns  have  changed  substantially  during  the  Hol- 
ocene, as  have  elevational  distributions  of  several  species. 
White  spruce,  probably  the  dominant  tree  species  on  the  late- 
glacial  landscape,  is  now  restricted  to  a few  isolated  low- 


elevation  populations.  Green  alder,  also  abundant  during  the 
late-glacial  and  early  Holocene,  is  now  very  local  in  distribu- 
tion. All  of  the  components  of  early  Holocene  low-elevation  for- 
ests are  today  uncommon  in  mature  low-elevation  forests  ex- 
cept on  extremely  dry  or  wet  sites.  Subregional  vegetational 
changes  were  all  probably  controlled  ultimately  by  climatic 
change,  but  many  (perhaps  most)  were  more  proximately  influ- 
enced by  local  species  invasions,  population  processes,  distur- 
bances, and  edaphic  changes. 

Finally,  local  forest  communities  and  populations  have  un- 
dergone continual  change  since  forest  development  in  re- 
sponse to  climatic  change,  local  invasions  and  extinctions,  and 
disturbances.  Dynamics  at  this  level  are  contingent  on  phe- 
nomena at  regional  (flora)  and  subregional  (habitat  distribu- 
tion) scales. 

This  study  demonstrates  the  usefulness  of  macrofossil  data 
in  detecting  vegetational  changes  at  all  three  spatial  scales. 
Further  development  of  the  theoretical  and  empirical  basis  for 
macrofossil  analysis  and  continued  application  of  the  method 
will  enhance  understanding  of  vegetation  dynamics  over  a 
wide  range  of  spatial  and  temporal  scales. 
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